;e3e77nnosru . 6dT ]=zf r 1 - 4 OCT 2002 MET$OD6 FOR PRODUCI NG ENHANCED
ANF1 GENI C ~1 ELI COBACTER SP.. AND VACCI NES COVPRI & NG GAME This application
is a continuation-in-part of co-pending 5 application serial no.

08/ 318, 409, filed~CctobeY 5, 1994. 1 ; MELD OF THE | NVENTI ON Thi & VEHgion
rel ates generally to .in vitro methods for hO inducing or enhan iﬁz
expression of enteric bacterial antigen$ and/or virulence factor's thereby
produci ng anti genically enhanced enteric bacteria,~to nmethods for using
anti geni cal | y enhaniotsepdr prOJUDING' ERHANCED BT AERTE FEIROBRACSER P, .
ar~tigenically enhanced enterixnhavicervps ASMERIBACKGRGIIND OF THE- | NVENTI ON
It is wdely recognized that bacteria cultured in vitro using conventional
medi a and conditions express characteristics that are different fromthe

g:halr agt eristics 20 exgs aq?ﬂdcdu&?ﬂg;@raoﬁoht&ﬂu&bﬁix{-mabui-e! obaizi-tpahaixlazg\hi ch
I ncludes 1 n \l (0] m or, or t ns._| a I ma
host. Ther ef \ér égpg%‘gﬂéﬁ{‘ \ﬁe?.(rgégg Btan atlﬁdég%! cfg“gec({]g)?:?ggﬁ?}m q‘ﬁ%’?‘be good

for use as vacci ne conponents. However, if it were possible to define
conditions that trigger 25 or enhance expression of virulence

factors, ~rel evant physi ol ogy, or, a &'ggq&Fi g 'B er-surface antigens

then inportant products and therap U i gens for vaccines,
new targets for antTibistinventinn ¥elatieshgenerprbly dipadacyEtre methofdsr for

di agnostic a.loplihdﬂéixﬁ;fl&:)r entikfchey refprdlsyish @:deerﬁﬁe;ﬂiedba&eﬂaal an_tigen?
envi ronment a eP, LASH iy u ion o

viryl ence dete%ﬁ?%ﬁ%?ﬁﬂﬁﬁ%gggtg??a ('{%ﬁ%%?iﬂ%@ﬂhﬁﬁf@,g@?ﬁ§§§?%??§|

174)I 1-7, 1992)enpapced,qnterdc bpgteriag ko BAEhAS fory using antdeenisaline
rel ati onshi p 3énhathostrentericahacterid andetof viacines apnprigid i cul ar

Shi gel . 1 a (Pay : r ok ; .l 89), Neisseria (Payee
TR LR elly] Ghbhoed Erkific Hikentl) n, ~T. d~.n.

M crobi ol ., %6: 293- 297, 1977) andPasteurella (Gl rmour, et al., Vace-~. ne,
9:137-14d, 1991). O her envi r oANEBACHGROUNNAOE THEIIINVENEIORen shown tocontr ol

the expression of cpordi RALRLY FE&MUMARA ¥hat!Lnaedyt eh Ay Sn0ligryi de

vari ety of bac"gserl a | nv%I gqt S ndacgljt mal S | nc%:gd.e r‘ohenol i ¢_donpounds,
nonosacchari de- > no°§t.i 3s; opgﬁp’&? AFES 52 P& f,xpﬁﬁfls ot her ions

(Mekal anos, T-theragtesistiepqthay aregifiprentrizan shenebrracterigtient er an
ﬁni mal host 20 heopids ddie idairihe Sitavect ii,ne_.themfahatnmanehaafnemmt @miaurr:er ous
ost. environmeff . LEPEN n gﬂﬂp~. ; tég%% lLal s

physi ol ogy andﬂéiprgss?%nggrgvg?u enégtbggﬁ%%s. §§§§°g%n§§ ent?%%hg wn
condi tions i ncPdRale hoptt ¢ TRETREViesaFPSh L dide? BFPUMRATELERBARI | i c
condi tions (theactdweist mighbhast hbeylydda? foands¢ e Oarcins nedmrdariepntand many

others yetundejibpgshy | 1¥A5kVEe fOLEId G HIR! BROGEE { Pl St Eond MRt trigger

protei nsynthesis t accongllsh [ nternaliz tlonéékﬁ%pley afd Bgyne,Proc.

Nat k. Aced.zécfl.'.e’%@&‘,c%?. BY98S UL VoYY S NGRS T OFE bRET YT may

opti mal |y prodphysidlaxyy,i ovaghvigéngtimcdudihy outxorsupbace antigensathen

environment al & ghdtsnt Phrro@hEtHadnd Wheeapalitids Vid.lQ., R8I SartBiRehBesos | S

supported by the LEEEnt teRoLl LAl ANl LaeidiLflacd 63050 GaeRtLenal |y

grown C. jejuni had only a rg nal ‘effect “on bl ocking 3n

vi troi nt er nal i Sharanteudsiies, Tex dlagnostipppeelicaiiens) 1epulsdeorapidlnga)

However, imunideitinied. rabbits with extracts of Canpyl obacter grown in the

presence of epi t helgfle Gl bnvi Lottdrith)l 2aBROPL IS neBrCORLILARURERE O
at markedly Inhibite

i nvasi veness, production of an antiserum-t

t hei nt er nal | zalRBHQCe RXPEREE EPR LTBYREYLEPER L TRIBABES L1k (RAGFRES gr owt h
of hacteria in(méwed rdmest,i gab. enyi rerutentiolo ivdert-7,y 10ekpyvarkowiinstance,
factors. For exgRle s LAMBhgPRAL eSS Jrablclldl ol iehlrLlat Altii pdeal | 0ops

expresses proterns not, expréssed under caonventiopallaboratory in vitro

cul ture conﬂPtP%ﬁEF%W%%ﬁ%@réﬁF,V%E“%ﬁqqesSFnP%EY?r{%nn}H.Paﬁﬁﬁqéi%§-§ﬁéﬂﬂ%1a
1992). Hew or erdatcedmunt HéstrsBhdl pr ot:aBnd-h2ae6 badBojeeMeisreria (Payne
Canpyl obactercul tivated with I NT 407 cell nonol ayers as conpared to r 3
bacteria cultured in the absence of the epithelial cells (Konkel, et al.,
~T. Infect.- Dis., 168:948-954, 1893). Furthernore, these changes were
tenporally associated wth increased invasiveness of C |ej

changes SUChmlﬁlmumw“mmw nor phol ogy, | oss of flagell a, exammwumlmmmﬂmmi
new outer nme n and alteration in Cell-surface carboh%g&gtes
were induced or esweziced in an avirulent strain of C jejuna when passed

i ntravenously and chorioal |l antoically through chick enbryos (Field, et al.,
~T. Med.. ~Orlicrobiol., 38:293-300, 1993). Qher intestina' 1 conmponents,
such as bile acids or salts, are known to be inhibitory for some bacteri a,
but the bile acids may play another role by affecting virulence expression

T A r— o~ - o o A NN\




35 antigenic pr-operties. Vaccines agai nst many enteric pathogens, such
asy Cangyl obacter and Shigella, are not yet available but the Il J - 40C
T 2~(1Z 4 epidem ol ogy of these di sease' agents makes such
vacci nes' ani nportant goal. Shigellosis is endem c throughout .t;hgcrvpsgedahd
i n' devel opi ng countries it accounts for,about 10 percentof the'5 mllion
chi | dhood deat hs annually due to diarrhea. 5Canpyl obacter, although only

recently identifjed as.ap enteri t hqgen i ow I €CQgQ ed_ as one of t he
maj ox causes o"f'tfi 2?(‘%8&? ﬁ@eMv t&&é’dzaﬁd 1977)
under devel opedéasteuredda (GilaouraetkeUo Veackie, f 41370440, 1991).

Canpyl abact erdi arr b‘tﬁ&roéﬁwrdiﬂ@hwl SihaQ¥e¥nhzt rﬂd\}é PR e askSwIP KeUl in
t het oUni ted St at e:% %hhﬁelé S i,S_a onseq

e 0 ri,al vaS|on of ,
t hecol oni ¢ nucoHea VSN T s assoe| g{‘% W tzhe%%ﬁ'g ﬁ?e‘égﬁ@e
pl asmid foun® determinanke£f e vilde| mré?t(ysaﬁsbﬁetqniaettal plantg egd I mun. ,

3|5 8t52d860t 1&8ﬁ)na| 18 tﬁamwtphe_hotbc Sédnpoants d ms%tdaaaweej Qiﬁﬁgﬂoog

plastid antig pa an

proteins are g&s"&nt’ [ gF?g&eﬁe énf> F?oﬁ}roié: $sa’(‘§a?§ﬁf PR (M&a}an@?m

M crobi ol ., 13Bazteriahiad 1743771 p29%rotei ns are | ogi cal vacci ne candi dates
al Ej h?ughéOt hel r pr pheeeril :;fafthegsus hafathehtBeedh fﬁrﬂi&hh)/hsﬁﬁ aitvougadth@a B
and | pa n.

50: 620. 620 1 S L %&g? *%’H%g‘?g"%e‘a“ e"%‘ﬁ%t’%e fhvasin that
initiates ceII ﬁrpymanafeﬂmqn&ﬁgslw irony b1 ons ftharte ma¥ nFERRE bound
phagocytl c25vdactleeial Holgs icdioggl and ﬂd&@e&s;oﬂloﬂ%hﬂ&aee ﬂzﬁ&b)rsi.s .

hi'g |y00nserV%e%@D89m§$}$Qﬂ!§ anapésﬁ&&mmelnaﬂtw%qe' 'L SRR ped in
nmal nouri shed chi l dren, who haye no si gni |ci|1?t nmucos alé" anti to ShlﬁEllB

| pa suggests tHatsr hBEFPAtLRls Bfﬁ’iﬁ:%?aﬂpha 1B FRPYE-iPpS H%estg.
spread and ¥evas higbfGai nardtian.oThougimodanitpemdmanycetmerscyedi dat es for
ot been'f 23!3%?%%‘*“" JaRIVETPRAL, BUERGGenS IMRIERSqe) nver pRBEetn

vi rul ence, ngl&ﬁet%aﬂﬁf%‘ggg d}étf(ﬁr(’.i’ﬁégzat%‘gag‘%‘leﬁgﬁegh‘f’g% 288fs are
based on the shav. g iy, 8RhAETO celi83i,ed980k. Therefore,
serotype- SpeCIHalceeele&aﬁap r@ttlaalfpa;sﬁa@éa’chasadmws%err:&Jctors only in

pol ysaCCharédjg- %8{12& ”t&oéﬂr%g%eenvﬁra% ?g T %&@ ?:X.%C&-&&%a'}fﬁ al so

been~deVel ShowsT g Pon T n ani R
(Bobbi ns et aIPresRBT/ 1"(rff1tf37 83@21%65@%99&}5 %F' SSurPeREey ¥ khe §F€?’é’ﬂ
ri bosomal vaccirepodbethatduds serreosai sadnugaihyt drtventiopablearowaset f i cacy

e s i les o tholosy o
under st ovd~as I’tﬁfnﬁfl‘%% jl%é‘el(%gntcﬁiecetnp 3! é—l—f—iﬁ‘#avﬁgﬁs u’tﬁ8 S?QQ 9€?tro

(Konkel , et2%l1993). |Héwaver Digmunizs:igngof 008kbitosdhasytrdatisopat hol ogic
exani nati ons CBnpyebbac€dr YrownTin | tHe PresPhée . ofl &pi2h8124D.celd93) suggest

that col oni ci nv ShoD. LS al.so i rtan Thi s concl Nl s IS ntwith
the observati or?% % Yeﬁsaxrr?gé‘dggg%'éa“i"a"ééﬂ% Hoba Jt el”% gy/beg%el\}:zér eagnd
associ at ed wi Progrebion Pk i@ §P‘66Fer%é‘é’é$5§€¥¥%lm dahihited thesoci at ed
with the i muieteshabbiatibrkoaf tﬁgﬂbddﬁtrﬁhot ein. Arecent report indicates

that thepreggnce o{‘ﬁg{agﬁﬁl havESSEL '&ha@i@?ﬂwwgﬁ%%téﬁa in the

crosspol ari zeq epit m)no ayers
61: 1764- 1771 , 10868 ’R)No‘”k" ei"f“FE EompiAeabs eﬁ’e%‘tﬁ"&eﬁér%h‘t}éc%ééﬁt“s

est abl i shedas ﬂonrobeamplze, aﬂmpy\lebaetéxe dtowinos relll G rgreengin x(tmbislileal
kDa) prot ei ns, 1Qbp E%&&&Eroe%é heod @5&;9999&& RiMderf bog@dAEIdNaQt €i N are

t hought to hol.d prom se i's regard Pa ski set al nf ect Imrun

591 2250- 2264, \PYEBACRFRHL VARTSSEDE Gt §¥°‘B‘? o\ Fag ﬁt“‘i ta

265: 1A529- 146 [ r&p@nsame@@fnuaezi Vagd ar pnbarded | s i ndi cat ed
by itsassoci atswewt-tél &P'ﬁ%’%‘té%b%é’fbée'ﬂesbﬂﬁ e Imﬁgebm&

t hecross-strain rotectlon agai nst_infection within rsu S

(Pavl ovski s efUiFivated sgith [INT, 407 %@ﬁzgggoﬂ%ﬁr%@fgggylpa;%%\&pgr

flagella protein based Campyl obact ervacci ne may have to incl ude the
flagella protein antigen fronthe 8-10 nost clinically relevant Lior
serogroups. Therefore, objects of the present invention include i) ~. nvitro
culture conditions for culturing or treating enteric35bacteria which
optimally induce or enhance invasive activitiesand/ or certain cellular
characteristics including cell surfacecharacteristics; 2) correl ated
altered invasiveness or - 4 OCT 2002 6 oel xuxar.charao~eri'stics
includi..ng surface characteri.stics with changes ~in antigenic profiles; 3~
i nar eaaed~vi rul ence o~ these organisns in staall.aninmal nodels;"and 4)
antlsera agalnst organlsns mnth enhanced i nvasi veness or altered 5
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y, Preferred enterib bacteria that the various adpeats of ~the.preserit
~.pventjon relate. to ire Canpyl.obacter jejuna, ~SCanpy:Lobaater cola,
Yersinia enteroaoxSti'aa,~ Yersi ni a pestas, Y~xsi n3a~ pseudot uber cul os. ~s;
Escher~l ahia 'cal, i, shigellaflexneri; shigrella sonnei,

Shi gel | a~dysen~ er~t ae, Shigelle'boydi:i, ~ Xel 3cobact~r py. ~=dr iOFTJ(m
Hel . i aobaoter~ fells,Gastrospirillum hori nus, Y.ibx30~. ~hol eree,
, Yi b~~Lo. ~" 10par ahaenol yticus, Yjbr3o vulni fi cus, Baaterbides fragilis,

~Cl ostridi um cﬁaét&i&lcm,ltSabdronelﬂl'ee apphhourefimhe. Splthekridia'delphi ,
.sal nonel | a ga Kgmpéllar% aaal r@ #4&&u pke! urq685§I4gugg | agdypjjeraesui s, ~

Sal nonel | a~. ent eritidi %F el} neunon| ae, er obacter cI ogcae
and~Ent er oaoacher 'f%@ﬁ%ﬂ Py 8¢ 7 WGSI 5E§Eh’%‘?’mﬂ¥:§é ¥ohes9Hiatede VBER are
not limted toinctersed duveséveness of~Cor jofunit., ©therochangss wach as

ent er o- pat hOgeEéflﬁazotnﬁ%thiB@”Slo-g%eo@rﬁ@&@lléwﬁﬁbk%‘sio% Ras@dnein part,

on thesurpri si di sco ti nced, ent er 20bacter|a of
the invention ?ﬂﬁ‘fﬁé“ﬁ%ﬁﬁ& PE%Y)%@&’ i %/ 39 ﬁ%fe"t‘{’? €agai n$t a
broader range edrihyinetesr wereotimbweds ot henlsanedodat ani avimgdentestraim
that induced byethe J%%"ﬁ%ieﬂﬁéﬁ'ﬁaé@éat §hk faPetioul19WVA nlisbl'i‘&rio-

convent i onal on t least o nc e

i m’rune25respon§Jei ‘iﬂt}%@g& L{‘ﬁ‘éu%htqhaé’% EﬁPTXPSer@ﬁEg a?\ B(;r E'-“B'E%t'erl a
of the mveﬂrﬁlﬁiﬂ@i&h&s%lbﬁmqmel&gai nst adi fferent species of enteric
bacteria.4 ~RI E~' [gtherl Eﬁt@tﬁaﬂ'ﬁoﬁ§aﬁéﬂﬂ\l@% agr Bﬁlel"‘acih% ardsabts,

grapriical ly deplqlndie (oepll {5 ALY ROLT OLIMAGS LERA! 4, g@g&g&aphv of
mhndsacchari de% Jrom-surrace rac ol 54t 65 °5F Lﬁé‘

Fi gure. | A . St a¥ekfsi SaYFRasY cangther l‘lql&cblfy#ffquté@ﬂogaﬁ? ceesmaess on
N—acetyl gi ucoppnthee baldteMsam. , gal actose "Gal", gl ucose 35Mannose
e TULE 1B YUlRSRaCHAE lraC Ry B CRALYBEONT, thﬂq[.; “ilggf

Fi gure i C. surface extracts acteriagrown accor héd

present invent¥eRPrisdcthat Fhigellacflsnfer! gHiEwreg E:Po‘i”i'%ﬁh 3F°&§ﬁi€’c%gt he
results of sodsathiwindhenbdsokfcticlate-dgaonytratiete 3geb 8+8xld @nhaneed s

(SDS-PAGE) shoyh fiteed \AQqPaE | il Wetl AbRbDSydHs Wehe Cl.eééo:(tf‘e‘al UBgever 2 and
3) or suirface_extr ventlonally

o) oo 1L RO St TR BERL Sl apl ALt ode *{&hﬁnﬁ}a&b IR on (0 8%
Oxgal.l bil ezacqus:ou@mayp. ota_%odqmwsbya;hm atthe CHBREE sgrieshj gdgétgnin
pictorially degastesitden ke6ol d%a FodsRsmt eanté)ltq{er@aal VR4S 11 @Pfegtdon the

compari son of BEALANIARAURE DY Jeirel:| IHG-enpial BOg S, B seyf,ggmg

infection with ej una 181
convent i onal | yehgrsieoxycholage, Cehéél nocefi%qtuﬁa ghe 1Wagsr=d\mﬂ'a§c cﬁng
to net hods of édﬂa prestheri avhnilant s@r8¥néx@mldhibeltaaci ds,, "2", or 0.1%

deoxychol at ?Fy ntﬁugiecsf% 3:9%%.99;5 i€ gaaxﬁérﬁjfs%‘iso induced

conyenti ona n’%’? . or surfdce extracts 0 un~L 81-176 grown
according to iﬂn'tfserd'lngt RH/ FUReTatugEgefbd GiPniE FOPRRY "y’cﬂ{bl°§t§ €n gy
Figure 4 pict ogredthy medint ¢Mekelaresyl Os Bictediaden b7 6t1-dhallpors. showi ng a

conpari son of prot Et'cﬁs abswéa@yo.{ |1L:hﬂ¥9n SfHel wowpﬁmal paaum
?2c from whol e_cel | J.€] gg& whi ¢ %ﬁ' wn accor rret hods
to

of the pr esentN?'ﬁ%ﬁr g °58ﬁa’|“?9$°g$ I gneving l’%
f er ment or adgorikids .t suebt hécBhQﬁPltal’\?édﬁﬂ-ésmed PreRRFen, and forFFQEre 5
pictorially deﬁé&i&ﬂ&ieo&esybwlm wtlogePaEr eészsahp%nemeamuo goowe
iy opolysace al) ke Prestndl 8 hosgs'akig’%ﬂéﬁga or | Tgégvefegy,%@t hetaldy

gr own, col um * I'own a cor
i nvention, 0.1 ﬁi@&ﬁﬂ@napat éug%%ﬁftﬁ‘n#‘e't OdSF'P@lﬁf*te G’rQFa’@hl’é&lq“}ﬁBépf%{s t he

enhancenent of td&ﬂ&i@.%oeateﬁﬁcrmdrwat Ja@ing. enmainéaa givverecordi ng to
met hods of PP 'g{f ent. mvegt{i)gs . jejuna 81-17s cells grown

conventi ona qCesT |n§ t6 fethods of the invention as exenplified in
Exanpl e 5 (DC| O wieeaives agaimstud@nynenbeti@PathngengglHIaSi on activity

of the two typ&sm éejloaﬁtf.*teiadaﬂ@ Shidfelll,. 8re ot iyet. avht]able &htl¥hecul tured
in HH and anti - jejuna 81-176 cultured in DOG against various C. jejuna

serotypes are shown. See Exanple.32 in Section 9 for details. 9 ~ ~ ~cr
~00~ Figures 9A, 7B and ?b graphically depict the efficacy. of a vaccine
conprising inactivated C, ~ejuni 81Y176 whole cells . in protecting mce

agai nst a nasally delivered challenge of live C. jejunf 81-176 cells. Mce
were vaccinated Wth 5 phosphate buffered saline (PBS; solid |line), PBS
plus LT .~adjuvant (Adjuvant; dash line), formalin-inactivated C, .jejuni
81-176 whole cells that were grown an,d harvested according to Exanple
5~sai t hout adjuvant (CWC, open circle/solid lined or with. LT adjuvant (CAC
+ Adjuvant ~soI|d alrcle/solld Ilne) IO The vaCC|ne efflcaa~ es was
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- 4 OCT 2t~~2 ~Q '"Figure 9 graphically depicts the effect of the

growt hphase of the ShigelL~a.flexneri culture on the invasiveness of.the
Shigella flexneri 2457T cells. Shigelda flexneri 2457Tcells were grown
converitiohally (BH'), or acaording to the .~5the present invenfiggm 7082
exenplified by Exanple 9 taethods of ~(DE@C-EL) - that is harvesting the
cells when the culture is in ~log phase - or accord~.ng to Exanple 9. but

al I owi ng the ear| I e to_rgach late 1(Q0. phase before harvesting the
el La(Doc 20) - priatnlsldhy, 8e BRGe WliBadahdRIRE paked Sholl MERELFE on
'9.0cel | s are sHopart@ve grdnpl shizplilpsbecis emdeptef thranstheiults tie grorla o
\% alohit ﬁal ly depialaglsm mmbg?ﬁ@mﬁn&gbgvgia\r?%aeaesof?ﬁmmltlt roﬁéﬂ'sc%nt _
en'they are c e [ e Q e_pres nventi,on. S. sonnei
arid S.dysenter .ggegéﬁi%b"@éﬂg°8u?’frﬁ%8° o%\z‘/%t 5 Sﬁgﬁ?gﬂf fﬂlﬂe) %8r g?%ﬁ%*bed’r‘di ng
to the method$ ERmprtohactesnt althaughi onluseocemsilys ieentifieBy amphe entepic
L%azg\éenelsls of patrsgenliffsf abeNEEERPpALal | 88 Sorf pSh‘i:Eg'tha'ijdi:ebh&_séQaJ'):ﬂSt 1
- cells a n [ I ils, Figure
graphical ly depFlg?g%el ?ﬁ%g%%@n% o%? #‘?‘ﬁm%ﬁeg{eﬂ'gg?%s%gér)élgc%%\%f%'?/l%qe%
Shi gel 1 a grown SeuBkkdefy~t 8n estinsdsdof 08 Hep589enillirn Gampylobacten exner |
2457T grown accdlidtrigedsometipdgerflyt, hen@reaant nYeidn @asas exeaP! i ithé in
Exanpl e 9was q4s@fitoq ididigg anti bodies. The agglutination activity ofthe
i nduced anti bodies a nst S, f]exneri, S. sonnei, S. 25d sgnf eriae and_s.
boydii grown conventﬁ%mys%ﬁm B CRBEBAMINGG £ #ﬁ%t%rekaﬁo BVaFiem o theent
i rgv?pti on asexeqplbr.ﬁicedecnSExarmﬂeeiavegimt yipsessapeistnﬂmitﬁebh&quﬂe_mc%' in
secti on 12 for égtﬁlﬁﬁdaiques%ﬂehﬁr a&h;Q%Asxivdle,@gs%&ééﬁ%%%sa&t@il di | e
{ho_adnes! venesdlor AitecteobBmuly 3oF Br7 04t SR0FTs. A TBPRGRE REdtiscel | s
were grown i A5chlasnid medtaimethe dnvgsDoy r).a6R5d 218 B dAPS) 1965 e Iand
harvested at 8, £),-H2-<cgndnd 8-t afrpar i N Uladldi Op. plde inay agkveses 1o

t hese35di fferen repar ns. of. lori, NB3-2_cells ain | NT- 407
cells are shown'.L'D etgp eg%?ep’é%celsﬁ gg%ﬁ{ nef4aEbro%’f-§éﬁDs‘rﬁg£’f‘-g§£-9-lﬁ-'bcr 2002
11 ' Figure 13 $PapHiBaBuy3dedi&ht)s the effect of bile ' ~aon~entration and

t he grovvlto h phase of Jtdmepi(ebhsx@ef)meuo@ydzﬁ ivacdlihar camdidaltesadbasougrness of
Ne. ~. i cobsct i P = ri-+Gl=4, C )
Ui tur 6 rod o Sara ERokec LB Fre sy BALTsr Fofn ClAFIPREH BRI o
10, 12, 14 and ?L%atf“sz‘tdegp?n%pﬁﬁ%ﬂPBPQ?dWai“ﬁvHE?msmﬁﬁet hesé e f er ent
, |, preparatiobsfedt.HImmpnl or§0:@20462%] | 088Jai nERrthNTmdge, cthé s6Zak®ashown.
See Exanpl e 38 1pa Ie@rioRRiAS(€HY i®Qhaih Sthakl initidteFE GAMLERKBEPCEHPTI ON OF

THE | NVENTI ON ' _ The net hods, of presgnt i nyentian I f OW ng
enteric bacterifaJx??etnl%\?llSt (rilo’ [l t]r%qﬁrgge % "6 \Sgax&% ?l‘{]nz;%[ géggégygf%ertai n
condi ti ons wREhvaetalsn (Héehorrthted s cEMRA ol /t 315 AETLIPS oA 9BAh ke bighdy
expressi on of acéagnedBEONG Stilgel2nCepd@ikisar SThe .prAsionged bEIwéss and in
the claims {he LELIDyRNUET EE1ndliBhEal n PARIA! o NRITRIGY sl GHIFddheo"
associated with any part of an aninal's dastrolntestinal tract and any
bacteria 20 t hafUeRffde&niibod¥ && PhAgehl AP EREIeTte haki fRe Rresence’ of
gast r.oi nt est i nahu¢osadt anSiibbderiiceTpe baytldmis thel spieadorhdgsavepidyi bifve
and gram neggpi YRedAGlRY.i @a. The ternms "conponents” and "conditions" as used
herein and in the clains relate to ny factors.associ ated W, th, an 25
enteric bacteriums Paft BHE rv8ggﬁ%??’d}$n§ﬁf‘dé§ﬂt%st %t&x FQA&%‘}% hayen
conponent s and keenlitiesded incinidalsband hunanset al swecerFivgd, ope|kas miote

acids or salts pé&f gdunal tHgidpitelod! Q108 GRIteREEEUr SIYH fId8RC@Sof Ipa

chol esterol; pH._mcroaerophillic condition, .osmplarity, _a harvesting or

30 collecting t?l’éo%%&seiPa h’fdaen(f&i pegt b“'aaé{célnleaf:Ji é%%spﬁgg%&%edz

term "anti geAS"agmihstt shigehlesis arm based gentbe hipepsdysperbanidtd in the

f! ai msdi ncl udesy iy aﬁ,nfm%n YR8l €hé he?éx&ﬁ:&l.@&ﬁf:é@ﬁfﬂmabuldfﬂgaaﬂﬂﬁ. :’lflt
imted to, macronol ecul.es contributing to celiu=,ar_ nor = e

mot 1ty . SRRl Ty AOPisEeE e ot ekt 1 BL RN, SR ack

| i popol ysacchari des and carbohydrates. Preferably said antigens are

I nmunogeni c. - 40 CT 2a02 The term "i nmmunageni ¢c" as used herein and in

the clains. refers to the ability to ind~ice antibody production in an

ani mal ~after said animal is exposed to a conposition conprising whol e
bacteria produced by the present invention or ~~5 a fragnment of said

whol e~bacterium The term "antigenically enhanced" or "enhanced antigenic
properties!' or "enhanced" as used herein and in'the clains ~~ refers to

trie antigenic state of enteric bacteria grown ., according to the nethods .-

of the. present invention. Such i0 bacteria have higher levels of certain
i mmunogeni ¢ anti gens and/ or new i nmunogeni c. anti gens as conpared to the

. S - o - a - - o



The term "i mmuno-cross protective" as used herein and in 25 the clains
refers to the~ability of the i mmune response induced bx one bacteri al
strain or serotype, whole cell ar otherwi se, to prevent or attenuate
infection of the same host by a different bacterial strain, sekdC¥pdM or
speci es of the sane genus. 30 The term ‘i muno-cross reactive" as used
herein and in the clains refers to the ability of the hunDraI i nmune

b b t
Whor e cel | or tadtinel Bk lsd HMECHOU A, %Eke“a}‘%‘ﬁ SEeBoay bi ndi ng) a
di ff erent bact%‘rqnél igppk PF“:?é’rtéP?pi“ apinglss (Reblingfet; Bl g .

| muno- cross rEjact,i Wet§363-365)i agbiye oK divdlbelyeadministeraqgeibdsonal
potential for J4BBila G603 %M diehhbla P Khnlini €y} Oboe 16s prirlidi@D2 The

tern "host" as used herern an er rnvfvo in

an ani mal or5 @& Igacy orenying, tog becdenongtinated. (%\éeﬁwtaﬂinalb% used
herein and i n Aeravahnel ncimeelbyt 87 s25-3at, Leasyed to ahl. warm bl ooded

creatures suchs, a&ﬂe Inve&{éi{é@xg' Bgscéa\?}%%bacwl—Cﬁ?fhctti%ﬁeifs né@'caﬁ‘é

I on ne. conprt singanti geni c

etc.)Accordin I n

enhanced ent eg'feé%'béfefiﬁﬁﬁmiﬁ aént?‘ﬁﬁuﬂﬁg%}ﬁgﬂlllégch’Her i Gé&r v’é“ial‘l‘éPBof
the enteric_ batiudies fayvilew t(Kenkelyeet kAct efi almfectny Diie. | nred i o4s=-ed and
t aay furtheiol%anp&bﬁs) aah@di;]@eapathéwﬁ@%xaﬂyaa@mnd '(@autseelio 2 tim

oi |l -water enul oxitn from ens er ot oxl genl 3 LT

nont oxi geni ¢ B S0 S8A7L]Y2 Lvd ASP 31 nERII Rt RE ~Eﬂ’r?’§°[ her eof ,
B@%pl | e Cal netinvagieni hs (8EQ impprEawend Mddj gvartusiwh teycahsistentt her

rise a suiidhl ehepssédmatibnCahatadfdi@heal B8h4KH Y bul'u pébéda&i gyt O

sal i ne, dextrosge ar other ous_solut] i tabl e ceutica
carriers~are }esfﬁvﬁ’éﬁ # %éﬁﬁ"ﬁd?gﬁ tg‘r ﬁ'&@ggt i’&a‘fq‘esf 88@ HT?%F

Publ i shi ng ti)myltée%tm&edlﬂéﬁe@éh’é@ twdsth Fheticw!ﬁdemanam s &Baher ei n
and in th6200|tﬂla@&111hepﬁdifel‘ﬂn VaﬁCr@@enﬂh%@oeﬂCQmm taaﬁstn/eevacm nes,

whi ch compri suAREhBOTLES A 13PFE! LLEA G DEDERAINARAS A0 1o rgee

i nfections or Fdl Seases. protection T ssou I"nac |va eria,
as used herei Po3agizeag %t%lé@&l ﬁ?ué#%aﬂérén(céfq!\# B&cRbri dnfest are’
i ncapabl e of i Zimahi pne RN ew-100honiged) on and enconpasses attenuated aswel |

as killed bapteri aNo%é@é&*ﬁ@@aﬂ%ﬁi@?&@téﬁ%nwg&éEﬁa%u%e&ﬁ‘”&'@éaﬁ&% g

i nfection or disease activatl sal d rra na e acconpl |

any net hods kﬁ@mﬁrﬁ‘y'e?%‘é"eﬁoéilﬂ’ﬂ"éﬂf i the Hevapplepitar ¥edpht q"né”b&?f’érl a
may becheni calprptehnst i athi® prathins, Bnd chpalimuriddeainent Hiadeidiaral |y

inactivated sygrotasgn bar@%ugaentsaﬁbm ﬁi*omhééaﬂlh HHiNregasdt (:setvltobexiar e
rendered i ncapq:b:a(i of%gpl i cag[l a”ds‘,é)rzz's@ ‘E%konuf%dl Qh 2 £2YSI NP

di sease. 35~An ef act vacci ne ‘beddm ni stered, in

whi ch "ef f && iGpEsshbleh # :Ls-ﬁéﬁ@i-l-ﬁbﬂlas 2893080 - bES ¥t 4PPR) badth® i a or an

i mTrnogeni c frHapeetineé of WheeElugéller throteah idainditakbepabyeitef producing
an

muner esD%’&%%c?.Q%ﬁ%é %t%ckplgﬁfzé‘é?oqﬁtofnﬁﬁg dgrﬁr}ké’é‘;éihe"é‘ﬁé( w?'@e‘?xe'?;%“@l“po”

the antigenicit baeteria and the

speci es and V\é‘r°§ﬁt"°'6¥a’f‘hé’r§&&j"‘§éf’“t%ﬂﬁfé@t\/éﬁgﬁﬁ%% “iﬁ-ﬂt’-“n’a’ymbe
ascertai ned usiubgretpsderadrliorskiEqetsal.n Enébett elhrunon- Bamzsmzstz,
embodi Ment sygpfy 9B . | NYSALJE) aa@m@fia \ﬁomunﬁaééd @.% D8 EQauUCes, ~n
el evati on of anti +-bacter, al g‘f’tl bo)c.i%{ i # a% %‘ {re

anti bodytiter vaeedpe ey, iaven ke dACv9e :I‘R‘ﬁ ELRFPLF psrﬁ’ Ef‘?lﬁnt & £l
10nori-limtikpechbddimest adfinikelly welevansr Lioamﬁmrnapel y 10? to1011
bacteria and prefefrblyrdh8 b@jéles HAGHRY | Ipaeaéﬁet ﬁWEn'&hSheiﬁ@hddé ayhest .

Preferred are vaccines conpri | nacfivated whol e bacte
‘effective ar‘rﬁ'&% Q.c gt‘éFpeplwé’gi?’ °B%sécﬁ/e "gsg’&w%es Fid eﬁqﬁlﬁ?me’ﬁ‘te%fs
anti body t I bastenpatvleiaf ppsiealiyginguce: peneabdngy dnyasive iantigiitéese or

Im(‘j eg}] i on. tThg afey UPt &.e@éjﬁgc}(@'ﬁlllhlé(f‘r?’hﬁ%‘&@ghgﬁlé@%dlﬂﬁihg‘?eﬂ{ @tﬁtrfgeéy
an e anti bo er an ec e _subj ec o be
vacci nat ed, bﬁg¥ fﬁ?%&%ﬁ?t&ﬁng rﬁ%ﬁﬂﬁ%b?ﬁgeﬁggd“P@EHHFaﬁ% Racci nes of
t he present |nvent|on may be adm ni steredl ocally and/or system cally by any
met hod known in the art,including, but not limted to, intravenous,

subcut aneous, i ntranuscul ar, intravaginal, intraperitoneal, intranasal,

oral 250r ot her rnucosal routes.Vaccines may be adm nistered i n~a suitable,
nont oxi cphar maceuti cal carrier, may be conprised in mcrocapsul es,, and/ or
may be conprised in a sustained rel ease inplant.'Vaccines may desirably be
adm ni stered at several 2~intervals in order to sustain antibody

| evel s. Vacci nes of the invention nmay be used in conjunction wthother
bacteriocidal or bacteriostatic nmethods. Anti bodi es of the invention may be
obtalned by any conventlonal nethods knomn to those skllled |n the art,
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3S'.stationary phase, in air nr under mcroaerophillic conditions, such as
5% t0 20% CO= with 80%to 95% air; 5%to 20% CO with 80%to 95% or 5%
tb 10% O~ with 10%to 20% CO~ with ?20%to ~ ~ o~~ ~~a~ 85% 4\PE e?m?
.optional ,ly ~.n the presence of a dival®nt ration .c#~el ator, such ~s, but
not-limted to 0 to 100 p.M preferably' 25 .~M of, BAPTA/ AM.

(2' (et hyl enedi cey)ulararharacterdshice irclpding tatntamectharacterietics

ac, i d/ acet OXY”E;%?{' cfr‘éﬁcf‘%s iwlaﬁﬁwlg@ﬁif 23126H9/Nq ggé%se&) Jﬁ:&}%nﬁw 8%. o.

EGTA( et hyl enebi s(oxyet h enenl tri traacetic-'aci
_ St. Louis se” org SIVF’% .animal models; and 4) antiaera

EGTA/ AM et hyl eaghiaébxqmg&nﬂmewltmém)&mceurhmjlmeed/ a@eimetmt hyl
ester; Ml ecyl af.BLopes sti@égg.ﬂglu&m% 8 Q@kgéaﬁﬂéa&%rigeg&é'al%ﬂa@ a2k

condi ti'ons and corrponen S pro ucl ngr ance
bact eri a. Accor 8PK§ eHLesfokvfednehp® ¢l’ei|¥t "gt %meésgﬁ werpfosedn
invention al sovisebuse 4 aniveg chal Bendgeanbar aet asdes prepered ragdnatel y

above except i nt t
not i m t o0 tv@f“"@“‘@ﬁ%éw ot BECUHIST, hlq ShEREIRh Gagrighetncll'
of EGTA or 1.0negdgomnd (%ﬁ‘tﬂ‘rsEGTA/ AM but w thout any bil'e, bile acjdsor
bile salts. Biole or Wohe atithe cefenéthcesd ddseofsats efiokef teadlnaiopegest

invention incl yflg fﬂyvi‘ﬁzt&'ru@th%};eofqﬁ?%@séﬁfrﬁ%‘i’tﬂoﬁhﬁof'ﬁ@v@.’&@ines

normal |y concentr C e acl

el Ce e o
known by those®SkFRf RFGspIhdNYpptian Geuprifing fittigehically £nhererp -
(Di f co~Labor at entesie Dstatzinia.M Chtaghinn opoldestifilcatdshoof Gherefakencet .

ooyl oot A5 SRLe MASLAREVER Ml LB 06,0 RS, S PR ARA Bfasd
(005 " corfeREEabe Paratining g¥y Erdlis 6T bhgs M relErenod HE Ui oy a
smal | intesti névahl;l&bbﬁg@ finjossarheteithes ipvenfdaored by sone enteric
bacteria. A so30preferred is glycochol ate (GC).According to the present

invention, enteric bacterialculjur L egh afrd J@&gr oup of .
Canpyl obacter sp. YersSnla S irillum |

sp:, Eact eroi des sp. Tn¥ | éﬁ‘é’ggtt%ns;PmVEﬁﬁéroB% t SVECClggl nBRRYiEdngy: 2

Aer oronas S|gte. Helﬁ?dbbalc@eﬁpbactShﬁgﬂ A Spmunédasic SH3gmRnsp.od rdﬁﬁrme%us

sp., and Escherlchl col i r epar ed sfrozen stocks by net hods
Goneral 'y knoPeBioesodl | FRILPREEEES FckBEEin® B S? e Hiansag
mai nt ai ned at aBfiGende fptmpee:uyse whiogh | l:lst ahmsreaﬁ:tedaksrmﬁ Ganpylohsct ef
jejuni can be ar.ed w~t ng _t heor anl sp.gn. tr ti_case,soyr-a

. contai ni ng 5%%9fpcq§aﬁateeds g T yPRY Oty ies (S @A)und)ég'2 ag CpmoR I gtlgn 5°%,
G2, 10 % Q0% &ral%lomS@mprnamg)pmbq@ doridist iton,aboulC3%) Hide 2:@ htbout
stocks of . SSCh r éyz '@oC%ﬁ)’o'ut %’ilépngkl %nléyptm mrﬁgi'é'm ile cids or salts
Xel i cobact er ~ py1 ori1' and el l'a flexneri can be prephred by grow ng the
organi sm in , b¥kgredfgart- ﬁnt@t@@aﬂ@rr@t hetwe@H about BQ?,@ extida abantbégrvdnt ed
f.or freezing by;any kpown et had, ohat, }aﬂﬁﬂf‘ce dopARURODT NQreh Ul { Uhe
and resuspendl ng in BH cont ai ning 309 cerol. Cultures for anal yti cal
experiments ormif-%?oa@rr@ﬂbéﬂ@nCP@Mﬁf@rﬂnat‘?QﬂPéfléaﬁ Bé ghephr 88 by apput 20%

gener al | ykn@®ncgEtAQUS apstE#g0 ASt PYariMIrg~tahe ; brgani fmuesuBHs Wid hipbue%
agar at 37C under MC or atnospheric conditions and theni 5transferrin a

singl e col ony 9% RotH thndlewt t1/Y P #C8EdRAYt BOmHABdsPeRt t HE® pre
invention descgspead,;hanai B- Baci Bid GRohechalyest akd1ketedSerdy @Y df%h'iwd
gener al'l yknown to those skilled in the art, such as by centrifugation.In
preferred enbod¢meiatsinganiti §etPcabpyt e?tﬁa‘hc%fd BPdTiad AM§ 20 Chorproactled! of.
preferably qf cies jejuni_or CO|I pr y of the je
strain 81- 17§ ng%’ gratﬂﬂﬁ |O]na]t8as%1f’ LEESSe]‘erl a u?furigé%wu {3?’@:‘?]& ab%aﬁ%Hl
brot h, addi ti onablj/cdbxmfelzslmtah@utls) la% Difour eholy Qo&%ﬂhaﬂs@ atietween a
m xture of about %S(f) {_o 20%-CO= hout 80 _to 90%25a g garvested
after the growth* ¢ Rt %tat CREdabBatet aPE Pbg Bﬂ'é SERULGEY
stationary phapkasdéypically .-about.20 h after inoculation.In other
preferred enbodi nents, antigenically enhanced .cells of Shigella sp.
preferably of the species flexneri or30dysentarise and nost pref erably of
the flexneri strain 2457T,are grown in a basal essential culture nedi um
preferably BH broth, additionally conprising about 0.1% DOC or about
0.8%ile at 37Cin air and harvested after the growth of theculture has
reached about early |og phase) typically about 3035mi n after inoculation
with a culture that is at early to mdl og phase. - 4 OCT Q02 In fuxther
preferred enbodi nents, antigenically enhanced ~cells o~ Heliaobacter
pylori, preferably of the~strain ATCG49503,.N83-2 or Gl-4, are grown in a
basal essential culture .nedium preferably bH broth
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- 4 OCT 2D02 Canpyl obacter produced according to nmethods of the present
invention are inmuno-cross reactive against a t-~roader range of Lior
serotypes t han. that obtained using conventionally grown Canpyl obacter.
Similarly, antigenically enhanced Sh3gebl a 5 produced accorttmfT @0@he

met hods of ~t he present inventipn are inmuno-cross reactive a,r~d

I mmuno- cross protective agai nst a broader, range cif Sh3gelia species than
that ~obt ai ned usi ng,-¢pBYeHbSoMaldy t%omvéb@g&{ lias aThEse: hdMeu Q988
reactive and imuno-cross protective properties are indicated by theto
resul ts of HRjdicabrAker oRaasealisn ol FaReRerensq df Bagng@sc b etr Hdlagive

Met hods of smee&eseeala NVeRt i b4 Qe T @AEE k 0y Of h@«niﬂgﬁemrpalé%a%@aanced
enteric bacteria correlate to enhanced virulence in small animal nodels
Several dorAtigenafi mAPerSYea i udéd BRTIRSEELs BForCadpyFebiatier odi sease
in humans. dgdye aBattstudhedef{oMthen standpeipt wahiek MuUNigRlingRi 64 f bgacy is
the reversible intestinal tie, adult rabbit diarrhea (R TARD Mdel) of

Cal dwel |, etongiitiopsnfeemprisinmn, 2 4% vplres118Y iopggd)elateirs n’iﬁ)‘@ICtﬁés al so
demonstr at hetﬁ‘és%fﬂoﬁ ' OQJP{ s?tqng' 05 £ SQLLYPES oM LB ClA8S- ShE

pr ot epti on. wever h measures resistance to co onlzatlon rather
t han resi stBYRIA/BY, debeusel. Théof @bpet HOUH| obf ESERAL @mdabboptnﬂe@tto

oes dovel AP 008 Ro P 83" RrBetPEr the TT B e eBp o6, 0L 20 ™

humans. 1é rmxcﬁltr deent dmodéeh hsrtéoe amu:&e:mabmp}zialicorcomiﬁﬁiehomf vBag@in

(I'nfection i_mruni t 1- 3735, 1995 i nvol ve

i puauni zat i Iclr89v8’cﬁl°%1¥1]n Csozi’ldlgfof}rS?m%ﬁ]aﬁﬁgeﬁdefbﬁnugﬁg i T acbacf%ylszc?l%act er
to the i mﬁmzzeditnoulsmtan&b% hen abeard 98t adref o804iint e}sdmma&% ctml Gthionat i on
by nonitori rt ese f I C .0, f h
Shi gel | a, ﬂ% Oousepﬁag% nﬁﬁ %ﬁgg%gjgl}séagggsEgéchFbggg%t nﬁaﬁ I ec% ta\%)ﬁl al .
(see infra Seicmzormlié})enns sasddHediagzag=zvicnltenceiard whout neadly ilogey.

Wth Hel te : [ C e el gol gpi zation
nodel de?cﬁ?%g% en e%#¥§EE%éCE$?Q§BéP§ 56%£g§§5§%9§§§?s uggd%?o
eval uat e thdxuacwmnelpnaEynnhﬂseof H. pylori produced by the nethods of the
present invention. 4 oc~ zooz There.are other aninmal nodels relevant to
entericbacterial invasion and infection and they can~be used to testfor
vacci ne efficacy of the enhanced~enteric bacteria produced' according to the
met hods of the present invention.5The antigenically enhanced, enteric
bacteria produced bythe methods 'of the present invention a~~ used to
prepare~prototypa killed whole-cell or subunit vaccines. Thesevacci nes when
adm ni stered to aninmals can be shown to induce' anti bodi es and thus
establish the vaccines' protective,| Gootential. Elevation or induction of
these antigens in a.bacterial cell produces cells that make. nore
ef fi caci ouswacai nes. ,, Vacci ne candi date preparations produced by the
met hods ofthe present invention can be used with various
mucosal i 5i mruni zation strategies to i nduce an intestinal imruneresponse.
Successful i mruni zati on protocols can then be usedto protect aninals
chal  enged with the pathogens with orw thout enhanced antigenicities. Al so
vacci nes can befornul ated and tested as conbi ned vacci nes, for
exanpl e20Sh3gel Za and Canpyl obacter cells or conponents thereof can
beconbi ned as a single vacci ne. The experinental approaches described bel ow
enabl e thedetecti bn of changes in surface antigens and
ot her.characteristics which are associated wi th enhanced25i nvasi veness.
These changes are both qualitative and quantitative. Mst inportantly,
t hese experinents establishthat the nmethods of the present invention
enhance invasi venessand i nduce i mrunogeni cally rel evant antigens.
Such. antigeni cal |y enhanced bacteria i nduce an ~i nmunogeni ¢ response30whi ch
is protective against infections by a broader range ofbacterial strains,
serotypes and/or species and are therefore.useful as efficacious vaccines
as conmpared to conventional |l ygrown bacteria. , Several well-established
nodel s generally known to those. ~25skilled in.the art exist and are useful
to eval uate enhanced , antigenic properties, virulence of bacteria and
vacci neef fi cacy as descri bed bel ow. - 4 OCT 2002 Non-limting exanpl es of
t he present invention are described below 6 ~X AMPLEH METHODS FOR
PRODUCI NG ENAANCED ANTI GENI C BACTERI A ' 5 Exanple 1. Canpyl obacter jejuna
strain-81-17?6 was streaked on bl ood agar plates (containing trypticase soy
agar, plus 5% defibrinated sheep erythrocytes) and incubated in a
m croaerophilic GasPak jar (BBL, Cockeysville, MD) for 20 h at 37C. Lawns
of bacterla were reaned by smabblng and lo inoculated into flasks

. 5 Y I o L T Y T A NI N~ ~~ns " T



~I -- 4 OCT Z002 4% bovine calf strumor the same nmedi um

aqdi ti pnal I ycont ai ni ng 0. 05% sodi um gl ycochol ate. These cul {u Meae ain
flushed with the m croaerophilic gas mx,ture (5% Oz, 10%CG 8 A)Nz

i hcubated 20-24 h at 37C. The cells were5harvested as descri bed

above. Exanpl e 12. sa~.r~onella typ~i muxium (in LB with 30%l ycerol') was
streaked on a LB agar plate and cultured for 18-20 h at 37Cin air. One
col-any Was picked and transferredinto 1 liter of LB or LB containing o.i%

DOC in flasks thatl t % 5% Ni . seal ed and

i ncubat edf or 112 h a?@é%}{-}&f gﬁr#" Qaét%%‘ bac gr%laev\‘/{earr tu%eﬁgﬁ?‘l’tiﬁ %I n the
same~nedi a to dibe-pregenty WW@DM@M%W@eﬂFQeﬂ@@MOMﬁ Jejuniuntil the
cul ture reachessmgiliybhognhasdl, tY@t@.ﬁuay e&@eﬁbaoaitﬁ.‘éa,t Wergdihysigdbeigel | s

Wer el5har vest e C 1 hipyriumis
streaked on a %agiﬁigléfge}?%rfg}g %%f??ur elg'p’f %15 c%gri%ﬂiﬂoacfollﬁcg%g ﬂl

onecol ony is pifdieaesdia Fhigedider Feunetn Shigeildardysenteniae, Bshhgaldd ng 0. 1%
DOC ‘and i ncubattiegdii®] 481 foctiactés-ppléio, ZfeIheoﬁal&&é&F Q’dlist hen di | uted

(1/5) in the s [ ub ur,s under

i denti cal condﬁz?o%sga%imnﬁﬁr%%ghg‘ge ?’Itﬂ'@%ig FH?‘{ ‘}l;@réﬁrre fresh nmedi a
to ODD of 0. 130 &fdrafifeneh ehruisad¥i bF-H%rffqlé’élfié‘Bﬁdlﬁ%‘Fﬁ}‘QJ#teﬁl Lraghidg.ur e
reaches | og phaﬂestb!@lmldi}fﬁ&imepui‘aenucaﬁ‘etlea tpp bt dtini, OB a1 fi6hé Rl T €

harvested as d | be V., I ia aked
on a BHI agar pl Z? am% ?’p& é%agé‘; ?gbg%f]lﬁ" ? 39?‘&“@ !R&Ei éw%ﬂ ‘F%in@?nss,é p:ECk d
and i nocul at ed qhﬁtlgrgestpf fels“’&f“"BﬂFl%tre’ﬁHnESﬁ i FipiFieklpopnewiP i en
for 12 h at 37@nterabactdheloacte; i andirEitrhencdis ufﬂb&llist hepgefeveadi a to
oD of 0.17 ﬁ%s%ewcﬁpg 31y anwﬁa@qsu@met Hse f‘ﬁﬁﬂ?e%t aatgfé-cea,aed

above. Exanpl e 15, ’a_ﬁ_‘ter al oacae is streake | at e and

Ent er
i ncubat ed at 3f€tFﬁ F “?‘? agdcp geRtergdtypshye rse'i“fﬁ}aﬂp&ltéﬂg {"8 Fliter
of BH or 8H ' ethedi atya3B0. 1% DOC and shaken for 12 hat 37C. The bacteria

are then s !'~ h~ohk préhéa@Tiaeeatmﬂ thse%abad.tﬂ@fé'& asadtﬁet0~ ODD of

"1 0.17 and
aboveagxagrown %Q.Eﬁg d-!lh é’v(‘:l'%h@’q r;a{}ﬁﬂg%gﬁlﬁf%\g rea on ‘g’fwep bl ood
agar plate a‘f’r?dblaﬁfiﬂﬁa?e‘df :ﬁh‘% dopeption [indyce) grmype er@?élse&

i nocul at ed i nt erbsk-protddtiver aghilnpntailiodged. tahdeo oF %Bmsfdnask and

shaken for 12 @e%t?é& de ééctssﬁbaba@iérﬂahea gbied %éxpt@@ Qxf\at‘i’ceWbi"nd
grown for30 mg:g‘fur

a‘_s % tt'u ﬁ:édasdescme gg i 7.
Ent er ococcus f a0&aFfue; entgnic, bagts % F5BKBoYE Ny i ncubat ed
at 37C in air fydituging rpqmétd@neny It dthdeasht edeuimai:ameu.tehe Bl#mugre BH|
cont ai ni ng0.2¥ePpohikaskndisbas hb@keﬂefa{tﬂg%nhcanﬁ?&n&mdbaﬁteﬂa ar et hen

dituted to ODD § u t vested as
descri bed abov b%tfggxg ?ér‘%heg %%ts‘u% rgrgl %f ?LE‘F&C?% Ig chtgpped

meat nedi um. wi t ﬁ“@ %ﬁggc’é?‘?ﬂ’)eﬁ 8 sP?'é%‘R‘éﬂ Beteritate of Beef I i ver medi um

f or ~anaer obes containing 1.5% agar and cultured at 37Cunder

m croaerophi'l lic conditions ( 33reeZpasek Mkeks transferred
to 1 liter of nodifjed chop contal 0.1%
DOC.* The bacdt%ria akg%’f'?%rjgbd L}gg%f‘ nﬁ _ ; Foh&S %{E %é f or
12 h, and har vestigii-psr flesuandse d ighdd eclivenntiography Baf:twmsdesharb@ea ifgom
(fTDd' fied ChOp%‘i‘f%@" Hﬁﬂté&’ﬂ‘ﬂ 'i!-o %ﬁés\’%@ )jb. usi repled, OnFﬁgﬁM'lfA':ed

hopped25neat [ at g hi ) | i
Condl trons. ( 5oRE8ARRED az:‘%%s e R PRk Py T, “Beie e o ©
nmodi fi ed chopp@%&tgh@mm dadeNed! urgadactoge nt' ért 0. B%lm ‘Wﬂé:“

bact eri a ar ey Yalnnbodd umshed M- q&%%omﬁ& Iéuxerafaén@ktt@as I c%?x%ﬁeioriaaﬁy and
har vest ed. as30descrii

sini er gyl Psiss
(LUria brot hcoEai Bac%’é})@‘ s )gf%“’é“t r@;tké&rgﬂg %’1‘"‘5 &' 8t bacteria
br ot h~agar ' pl atgrosmdacacndinie damesbdis @R el presest t investtdoneDOE .11 it er
of LB and incubated for 12 h at 30C. This culture is35diluted (1/5) in LB
or LH containing 0.1% DOC and i ncubated 4h at 37C. Subsequently, the
cultures are diluted in.the same - 4 o c r zooz nedia to Op~ of 0.17 and
incubated a further.30 mn and then ' harvested as descri bed above. Exanpl e
21. Helicobacte~- pylori was added to HH brothplus 4% bovi ne calf serum
After inocylati.7n the flasks were5flushed with 5% G, 10% C02, 85% N~ and
inCUbated for 22 h at |3TC with shaking. After this incubation, 2.5 nl of
theculturé - -was transferred to a flask containing Blil broth w th' 4% bovi ne
calf serumor the sane nedium additionally.containing about 0.1%to about
0: 2% bovi ne bile. Thesei Ocultures were again flushed with the
m croaerophilic gas ,mxture (5% 01, 10% CO- 85% N=) , and incubated 20-24
h at 37C The cells were harvested as descrl bed above 9 EXAIVPLES ENHANCED

AR IPFY 1 7~ R Il 7N IFSA P NT "l A A PFpr- o ~ o .




10~ 6 0.03 0.29 There was a direct relationship between inclusion of 00Cin
the culture nedium and enhanced | evel s of surfaceextractabl e carbohydrate
fromthe bacterium (Table 1).z5Surface extractabl e carbohydrates were
increased nore than 8-fold in bacteria cultured according t,o the nethods of
t hepresent invention; no increase was 85n in bacteria gro éobfveieazonal | y.
The aggregation of the bacterial cellscHltured in DOC nedi um appeared to be

attributabl e~to theﬁi:mmm@n@at:eoﬁiamedep&&aeetwtﬁeeeutypeﬁ gy at i on,

b anly vi scousaafeth yacale P RR (et Al L dFERERA LSS t@#hkxam

aggr egat ed baceBeving e qomperiLennl 9% protedns @S(t‘ﬂ’tiéte ceddnitemns 1,

muci n-1 i ke259l uﬁampt@ Hurfabeaant vt qt:atnsha&taitsql oFDBOSPERI rle(ieivs
extracts Wer grol edlnthrel# oroacetvlvc acid.i.n sgaled.vials,
Thesanpl es d‘r?&&ny HFeY g k¥ ¥hd '?e%‘"tf?ﬁgﬁﬂgd ? MR |d15I 8§

Wwat er. Sugars Wé¢ epregetatiayenyiemPL(O (83 ﬁgqalDde;ésp“@ﬁfr @mtedfaphi c
matri x and a saéugy&h@bﬁeemboonyt sting of 3% of 0.5 N NaOH 97% H 0 as

sol vent. Anperonetr o measu of .sepa d
rmnosaccharlpdes Anﬂe ? éig{'ﬁm@g ﬂyh ‘ét%taéhdﬁfﬁuégﬁp% e Sfter% bio€
f ucose, gal act o8B} ¥fRLs @l\%’é§anﬂ n@mR;’d-‘Iiéét‘ogé prtedsscbound b rfiessetsind-
al so subj ectedcéntdilificamalysi préducerpBpathsestion withQuholle Zel11HELC -
anal ysis oft h gz‘ggplayiz_qqﬁsur ﬁggfe egglrlag.t d_r,g%‘g,gi %q.-ﬁ% 65‘;&{&% g‘&% ever al

manosaccharl de ure 1 ere rtati v erence

he car bohy@F e nﬁSSF’E‘PB‘h ‘iﬁnt Fr'e éﬁi‘l‘%tasl'flﬁ Wéﬁmeﬁfﬂq%ﬁépﬂyt%rovm
bact eri a gethedsacrottiengrésenthelnvehbddn of o-Btammhyal? by ecideyever,

m nor quanti ta&w& ft fée%sc@eﬁs&awre«ﬁgpategtrfa%@w%a%s%@%ﬁ rga}u

prot ei ns~wer e ana °EB)/ E) West ern~Bl ot t (‘%ﬁ:e ystem of
Lugt enber g, 1&t® 1aTl gngiopp Ll grown, 54" 1‘??7?)“r\ﬁ/&§eu‘§’é‘b"a

systelu is a tjﬂﬁusicmlﬁﬁogsomlammmgl o mﬁtb@dlsowfathqlmmhat(typl cally
4% stacki ng gghvéit ford; o@&@ de S Eify1 aRE CeaW age acryl am de separation gel

pH 8.8. SDS (0.1 % u ot ffers: used ofein
separ at i vn~was accc}y%uﬁ P?‘ag?%{c}t}lq rgggieés aﬂtf 8‘68?"?%’? é §ﬁf’dg‘l’l°£
separation gel anakysds] & sréag &/ eqQrparigenopt afrot@iasabeund riot 6138591%8‘ by
silver staipb n@éﬂiﬁﬂdﬁﬂn@ﬁh&naﬁmhmoﬁgu’ﬂ% Siche vilelLer seInta .o jurt es Rde

based_ on the M,yalies, Q:ferﬁ”%w(% rgiﬂgs h%tdgnggy SI| s;ee‘jtum cell

proteins were eparlﬁt ed h'g vi sual'1 zed er, staining.
Four proteins ¢ 52 R%"‘?ﬂtdpé‘lah YePePYhdliedd oF FMHhd®ddin cells
cultured with fme(xfﬁogumeca):diﬁqa:mlxmthﬁds&f ferex pereseh©Sinwentdoal, y ¥ 24. by

phenol “extraction. HqdreXNBLbesild 1 0MAMICEONURN LR Yo isos-BhcaCcor di ng

toth ted
o e el e OT R 10l LS el e e
Li; pppol ysaccha¢¢¥ﬂe§~( I3SKnesi e2 51T qeaventbynably wreWbd eflwpst‘dial ound

Jann (In: R Vs @lccotdingMeb hsthods 8" bR YshiadlentClAvRSEIoh, \0QLES; p. ~

83, .1965) . e ld4red in BH or as exenplified in Exanple
9 above . were %R/ %1%8-' yugg gr‘jl'fﬂugatl on and washed once in PBS. The

cells were then extfigiared 6f EFaEEi‘Fﬂ]nIYaEIEBEE"—%\HE'}? £obapReRAt iof JBPEPO-The
extract \WAsseoetesk treatt@vang 6£nd’ ifejund. gfdwen LdiBoradhgi to mpuhder oAqueous
phase was aSp'Eﬁé%&t{gefnta'ig Eﬁt?&g y?“‘j@?é‘hi‘“gﬂ-‘ﬁ%‘ EE?P "%&Jn The

retentate was centri <. ee tines for 3
h each at 105, 8@Rvents °nﬂ3réYf PEa?c‘b%‘{qié‘tg ﬁasm??b‘rﬂﬁ 1% z&Be 1“"3’1@ % &5r zao-~
Prior to anal yexempXirf ileldS inaBxamslis fer(@ed) i weratered tonjnddde .antibogiesii ed

LPS was chara |%ge{§‘pan F DO, C SEEI and by
sodi um dodec C'h?él epag bgéggl gm de %feﬁfe}%fﬁ)o orpggl gfé%%%%)% as

descri bed- 1%W AFisond e W {im 65‘:“35"'“&"? %Pfllp? 50fi | es

'’ eveal ed no maj@juxdi fefierignc ealbetedkem OOCY cagaimstl Mardohs Lmediejmnhl
"EN-TANCED" ceg, a u i Gl

Car bohydr at e to {- invel a%@: rggtélﬁlgs ?‘&EE’% k?%ﬁtaﬁEN&uAlﬁ%CEBJ‘?\a?e{ﬁ?ilg)é%g%
decreased as conpared to extracts fromBH cells. However, SDS- PAGE

foll owed by oxidation and silver stainibg of S. flexner~t LPS denonstrated
a mgjor change in LPS struct~ire (Figure 5. As seen in |lane "2" of the
gel, the O antigen fraction of LP5 from"ENHANCED' S. flexheri was reduced
in 15 length. This result conplenented the findings of reduced

car bohydrate/dry weight ratio of LPS from'' ENHANCED' cells. These results
suggest shorter O antigen side chain , presentation on "ENHANCED' cells,
and potentially m ght.-render the bacteria nore hydrophobic. A nore

hydr ophobi ¢ bacterium 20 m ght have greater interaction wth hydrophobic
surfaces |n the gut Exarrpl e 26 Irrrrunogeni city of proteins was deter~qined



t of the 62 kDa protein was greatly enhanced in Cells culturedw th DOC. or
bile. This protein was al so the predom nant .antigen in the surface extract
of cells cultured with DOC. Utilizing a nouse nonocl onal anti body
cross-reactive wi th5Canmpyl bbaater flagellin, it was denonst ra;‘idﬂé‘lh%ﬁzt he
enhancedprotein was c. jejuna flagellin gFi gure !). This.was .

a'si ~gni ficant~findi ng because several researchers havedenonstrated that
the'C. jejuni flag~Figarés ixmvabvendiTt RaaPRYCAER JepidtathoCdfikdcy &0 t he

| nvasi ve char agt QRicaihaStdufiidife PRFLANALINRAATR g T 53 PRI Y dXPre
bi ndi ng was~used to neaéfr i'Tul'énce. Enteric_bacterra growh conventionally
(B E:—H ) or ac?:o[ dmgﬁgéﬂﬁﬂq@s&:gﬂ%f& aplntéféﬁt:: iqﬁ)é-ﬁt;i‘gﬁ u‘ghMGEBf' yon
agar ate 0 762680 XsangHite vy alaztgh rveietth
101511 o0 Yl G AN AR08 1, GRRONEC 08 M1 £EE dilmtebr i
was peIIeted%?ce gl’l? a%\% e $B 0 ‘%.he (rfnyé was neasured with a

, uga i on, .
bl ank sol uti on‘atﬂ‘JulfG%cé‘?Wa“G@%M drinetpefoxmaldiisdnpahbvated Codginad to
t hecel | absor baiea7at whéle roelasdthxpreasedrosntdoel hakivestéd dE¥A@/inp-toThe

dat h i.n-Tahl & ¢ : @gﬂ,ﬁj. ; L. 0l

E(rjllt 2r ?::IeDats hg\é\grﬁ%méggtgr%a&@uowma nve@nt(icggglg?g/ Ic-}’fli[-l-!)(‘J gF? iggioé]glli(r?\%' t gr
Met hods of t hePHdteRT ?%W%HWENFMMB}‘ESW@%%FS%&%@%@ diReBH)
ENHANCEDC. |¥9.(hie 8actife GIFicacd€s0fs jesjaulined sihg the6intetdnal

typhi muri um SRigb1@n@2a0i R0 sl X "Blgdre? 487 [0 Garkk1) 3¥hof b Obifd 3e269050- 70
2cEoy ding to m¥ndhE BFOVIREISneSEERded, B bR, VAP AREE AN (PRG vas
eﬁﬁanced. Thes®nedsdbses off 160 Timaakdvelied bacerial-pavticyes perhddseof the
present invent iﬂ@u?’&_e7blsﬁx{il&dltaop£ﬂgﬁ)cgh%@pk:ﬁ?czeeﬂhﬁob e{ih&'}?zrcﬁ:gc%%ﬁti cs

known to corjelate qutlh ~n Vi vo pat ho enemi or_other .bacterl al gecl es.
a B

t S
5. Exanpl o 2 SRECFAPSAPY AN YPGRLRRE LAN% USLEY TR EFRYl (089S Uhnd
anal yzed. Bact dnlagkiegbesimtcteniadssaddlasdpecrddird PYghpé arc- @adttohrti ss

(groc. Natl. Agad=siSCi 86; - - I.SS AN
cel I's* (TNT- 407%%9‘3?4%%”%31%5@?%% 3’%&8) 8 gan%ftggéoggfg% ﬁ#tpﬁm?j
humanl 0~i nt est VRSFiBRF{ONg Medpg fRree QrduRREes PH 4N el pagtivated &

cul turepl ates Gaééerial Partiladpst pert daf.l UsBE YERIMPAQ- 89%in Tdw-titedi umi S
dependent orea e cglLlsijhe used, but Dul becco's nodifiedeagle's mediumwth
10% fetal bovine serum and 50 /' M _eachof 8§n~: cillin G and streptonmycin
was used for Henle E&Fyies zfr?d%aPM‘d T GTRBAL G W OFPRES, FRE £EHGHFRe5er um
and 50 ng/ ~1 eawkolnperongitisingGiamckistatedt Onypejuniasiuted viwle igelisl inre

oA T co| pSeelen Al ML st pgcubiotor s g el

] . . ut i

Wi th magnesigm énaeé‘éﬁlﬁi 'ﬁghg?brr%hol ) ar Ee%r‘éaﬁ‘ﬁg“ﬁ%&‘}e?‘f aé/eescfr\%%faé E§

ant i bi oti c- fre&hgr bulefredrasmipsionre fignrasstys, 78 RadhZ€t erThe Weceine
.prephred as~f oldfgwsacy otass leamgnesi Wi itae tnbeetiemilacebohi aaGampyksbpct er

d NeLi cobact | al t i i f
01 with ireshtigtBE SRV 3’?3?3&,%’%‘5{5‘&%“%% P off tHb g @ediaf 0u 0
Shi gel l a and oPI’F@PFQ%‘Pq@F dhienJaertBations, uedpy sthiage opadt €esef Futlure
wasdi | uted to QGnhétavatddascieriialrnenitidleecequt |dd¥eat egigeds e Jadahee used
in the assaye ;E e?ZC%EMS? t%ﬁ@r gegggféj df° th@egﬁgfé)ééi@‘il h3kof&ld Sy tnd

1Nt &c ac elT 1o avol

multiplicity o i ron of 1 eri aper 0 8 . saturation. The
nunber of bact decginatiens aingt Shrer qnadsdeses)| 0 werrctiyeted| cul at ed

bypl ate counti RgctERihPVhdia1218si pELddN wigeEe 306 (Botton GBamea)okasher ,

and 30 mn for _Shigell u nd_bact eri a were35r v b shi ith
HHSS bef or e Iy§i§§ gf’s?ﬁgs ﬁ?ﬁ%ﬁ&ﬁf@fﬁ%ﬂ‘é’?&%@?ﬁ% %?‘ & g?\ prfryzﬁl ?’r?\gl f or
the determ ngt MsANgf tiresiial doges of 403 inactismtednbagterninl perticles
temper atur e “0n jadhgsben (dhd MaafifleCol I BhcEion ) Wor cRpedTfediamn
conventional ly or.according to the nethods of the present~invention as
exenplified i n9etad}fe 5 above is shown in Table 3 below. 5 Differences in
adhesi on of several strains of C. jejuni grown conventionally or according
to methods of the present invention are shown in Tabl e d~bel ow. Percent
adhesion is expressed as the nunber of colony formng units

_(CFU) ~reoovered fromthe non~ol ayer divided by i0 the nunber of CFU

i nocul ated onto the noriolayer nultiplied by 100. Table 3: Effect of
Tenperature on ADHESION to INT-107 Cells by~C. jejuni Gown Conventionally
(BHI ~ or According to Methods of the Present . 15 | nventi on~( ENHANCED) $HI
ENHANCED Tenper ature f% adhesi on) ~~% adhesion) 37C 5.5 62.3 20 42C 5.5
11.2 Table 4. Adhesion (FOLD I NCREABE~ to I NT-407 by Different Strains of
C. jejuni G own Conventionally (B~il) or According to Methods of the
Present Invention (ENHANCED 30 , Strain BH ENHANCED 81-176 1.0 8.4 81-116
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30 The effect of DoG on adhesion to and invasion into I NT407 cells by C.
jejuni 81-176 grown conventionally yr according to the nethods of Exanple 5
abave |'s shown in Table y bel ow. The effect of DOC on adhesion to a@g
invasion into INT35 407 cells by Shigella grown conventional =y HTa8%r di ng
to the nmethods of Exanple 5 above is wn in Table 8 bel ow. 4 0 cr zooz
Table S: Effeat of Tenperature on | NVAS/l ~N~of |INT-40? ' Celts by C. jejuna

fi-1?6-. G own Coaveatioaally (EH) or Avaording to_Methods pf ~#te p~eserit

I nvention ( ENHANCED) S 8H grﬂ?@%éﬁb %t reeffegt rﬂfa&gﬁl qi?‘%‘ﬁvadedﬁ'

37C 2.5 49.5 pRéke.df the ShigellaTaliegnéri |ANABIrENog RitleD inNGREMNESss mifo

| NT-40? Cells ' t |,01S - cdBldiNa W]y (HH)
Py BTN, ILEALS ptbg cdelar g LMk ongln

or Aaaox~di ng resent | nvention
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Present | nventi.on, (ENHANCED) 30 Treat Adhesi on % I vaiéon 9 8H 9.3
6. 3 'ENHANCED;, ®RP:50kag0Bh3ge 3 1oF é@cegﬁga\m& Erappleyt My gliowgngthe 4 o
C T 2002 Tahl ec@ltififef dot reacDORton 189 phasxeforkabasvestifgetbencells
Adheai aa (Per -1z .| NEndOShvl ivanSeWe GRIRLRNkk 8Rakdnt (eEBhr8E1 e @iedi Ng
to Methods of t-$|1e~~re-sen | nvent | on ENI—&ANC}gI%I))i 5. gua-r a&t Er ~S&~ Ci1e CH
E NCED Adhe3®i SRtYs aFei#50VRy |5RFas EEATRLS) 11 18 BEOH e FRENCEHR LS.
initially added badtigurs vergramuceddpddepictso theoanhansenens ot eri ~
dring the, asssivasibHESEOBe | el anuasi Ot Sy ure bulErddTucnld o
several hupan i €s.0 —Jejiuni,(i.e., - - a was

greatly enhanc kﬂfﬁg‘d‘%ist Pgn&b? pd‘{elé-gngr%'g‘ée ol a%ét%o’f%]?é égfit%?e medi um
(See Tabl es 4 dyrprdjerifiec3fbs twdifee cultured onyenpbonylly (BHI) (98bl e 7). The
\% _eaL eséé1 r GSFQL@&M_@R:& orél qﬁttﬁalﬁ@ obuthe @reslent 2 Cntdritlépt @agper at ure at

ic nmpyl o i og y o i
Fi ndi ngs wer o AU Y SH gar et 1 (YRR Ry L chesl l firen
according to tPeeRastatd@ssort (FiulgnldscRel by eSS th ATt Vaey 16nAticed
abilities of bstdwadhesieoBxamglie- 35 2hi sgasiamn IEh€or dettallshow met hods of
the. present inventdQn.enhanceliuashey a8shadheneoBnRindiedti 6f {nmuno-
pat hogens. Exangl e 29.” A nag‘lzd S| lfgﬁ a??I uti nation agga%.wa% #§eggootsq__%vg
i nuauno- cr 088 PESRS iTAACFIVELY jf RIS FEOYE SRTSPELIN ST PETRPPY
accordi ng to tbheesmithdoweotiome F.eddnxinenkR4SIT groen agsiarbilng +a Exanpl e
?Lwer 65_e><posedméam;@5 \H ﬂﬁefﬁt_-)égé}ﬁ aabanﬁmwrasé;edemblmﬁd ji®j eRbmSlle 76

ior 5j.grown either, conventiona X_acgQrdi -pr i on
(e g, . Exanp 4554, §3T LR e phoatts PO il BN SSERLIGY AR, 00

| at ex beads. |the higrduasde apkbhedies@epdBstpf ¢ FFEXBEL nedn SMEetest ser ot ype
and the ant gbodyeentgeiaecabad sgaiayetiit heoln arortvesdonhyply (B¥I) pearly - 4

OCT)20Q | e 8L&r H RN Iné | néth AR LSS Uer®! hRenRld Bei s Vi o1 bl e.
This clunping IS ratge baie an a scale of o to.3 aI\t er ﬁgeowEng tge
reaction to pr8¥¥ERE¥ed; 1BhEXImRE 9 FeEPEYRGR ANMEPEYD: ndsis B8 BtR et abl e
cl unpi ng and 3inesestimrhilghfér ddepeddsef aggl uti nat~.on. The results of four
gtrai ns afa pr esggtﬂbdf% IQP gaghfehay. adpbées %heCEQS&cRQﬁCHJi\Uety of Lior

erotypes Qwn nventi.ona Hil). ccor di to : ;
Present | nv@%t FBHC?WI}\?@EB?XZ@%G_‘)‘P&E% Fﬁ%%%%tgl bPfors
' BEADSREACTI VI FyBtiune/ @n wa&mnesiveness of Helicobacter pylori NB3-2

_Anti-BH a. 1" 4t i g ENHb2 pNSANGEENY iceBlis 2040 tq roiHEn 5@ bied Birh 1" Ant i -
ENH1. 5" ENHANCEDANt i - BHI 0° T Ant.i - 1.5 H I h i-$§$j" DANt i
CBHTL " Ant | - ENEBNER DTG R bsﬁ' Xﬁio?'-@Ekﬁgé &%Elr%?- éﬁﬁlo“ Anﬁt-'é g@%’di aBH
lAnti-HH O ' "AR®i -ENMnd 18 h after inoculation. The invasiveness of these

35 different preparations.of. H. pylori NB3-2 cells against INT-
407 cells are shown. See Example 38 in Section 14 for

details.




10 15 20 30 Anti bodi es i nduced by 81-176 grown. conventionally 35

Antii bodi es i nduced by 81-176 grown according to nethods of the present
invention as exenplified in Exanple 5 - 4 oeT 202 ~Q ~Tabl e. 9 shows all
four of the tested Lior serotypes (L5 L2, L8, L21) cross-reacteekl port fj

ant i body generated~from ani mal s i muni z Wth enhanced C, jejuni 81-1

Li or serotype L5. Mucus lavage fromtie testines of rabbits infected with
SC jejuni 81-176, co IsSln W t of t 10 maj or
clinical serotypes (i. ”P{%g.ﬁ § ?’ﬁ%ﬁ‘ifﬁé dﬁ?{%‘s té’] uﬁ?kl gi&%r ding to
met hods of the qwugahratimemndonhermme@baed wmheaﬁelbmhmeropmam 5 .
serotype strai rznﬁs;aeeTai@I ﬁlelﬁdlaalswanesﬂﬁ%fr ﬁéyiéo%a%%@w {J‘{?Pérfr%tlb'@déeﬁfs the

resent .i0O in [ [ ext end ior s es
&h. ch cross resct P \?\ﬁf’ﬁia%{]"“ s°§ralg ?’l‘?’%‘?nqé‘r?”“aé’l‘sc‘f ﬁl ?‘éﬁf EP&‘Y'E%
seratype strdi ®%f 0€1¥j e uhet Aide, andleraksteddites 08, Sm,ge!lzllalgrmmm 16
accor dlt ngnt IoI Mgt EQ@&rOinééltﬂ.&ri%ﬁent'léhé“’i@x%lsgﬂen%ét JIOknbEOSA fFePBht 15
conventi oha cross,reac A 0 rom i ze
o b Shi go. 11 2 PFERSREFI 655 torriy prfbrf B-0oe T uiRipebMrken REV M ey
Exanpl e 30. Th&hPwps etS%cFeflampéﬁ 38 uﬁylﬂﬁgt@amiﬂ &@a‘cﬂetaizns pat hogenesi s can
be used as a nodel to evaluate vaccine efficacy in protecting against
col-oni zat i ony nd/ or di sease because infection of ferrets reproducibly
generates two of the three di sease manl festatl ons seen in hunans.
Twenty-four: 7- to 9-week-ol EFALEED NESORIPEEON QR THE INVENTIONS orally with
eift Jer PBS i as contl‘ﬂé)memrodfsowntmél ﬁrl@sedthveﬂjﬂm& sl thlgtdbimy own

conventional | yg ﬁgtuc%a ?Hgvi%ﬂhheﬂé HegBtRUPLE » JRMTARERR -orSer um

was isolated to rmne vacci hes an S Wer e
adni ni stered i F°Fh@ 'br'é%’%%ﬁ Y’ﬁ%“ éiﬁrl‘ﬁéﬁtccf_’“PmFﬂﬁst‘F%teﬁotBn@‘m

apart (Day (LSaptt dnhange Mexpaesmtmj ofSentbgerss and) bectiothlenceweek | at er
(day 14j ("pastpwpesesnation”) to determ ne IgG anti body titres. Four weeks

post - vacci nati on (c aII rre anest heti zed wit
pronazi neKet ani ne a ?l%ﬂg?’?«?ﬁ &8 %’? |’1‘\/ %1“1 o%?he q gﬁ
cont ai ni ng | i v&eters ctarkacker amqm@ﬂamf@m) inTioar eas@retateldewahhrm:,s wer e

nmoni tored dai | pat@roffgpiahitiadr & hetstiaateseima. thraesl afdetd BecOéria
Canpy| obsct tﬂ@{:ggéu&é?%gleipfgfgﬁirt 1191 Qﬂgn %art 04 Qa%ﬁ%qz and fecal

| eukocytes. Bactereny a was f °bl ood from the
jugul ar vein oP28RESIMRTHER L BFets §H&h| ﬁ'&‘iﬁﬁﬁ H@cfﬁ’élasdé‘é’llﬁéﬁ bot
vent ed trypti cgsenspysitioteh andl grare .negabdve thrdertie. bl ood agar pl ates were

Driar 10 | et Lo e e e o
and at the ti nﬁng e‘%@é‘m %1%11 t\ﬁegﬁnlp%asctt"(’fﬁa?f%?l q:t‘a Hh{’\é 2 ne 19G
t V:TL QOc O35t ebtem:lc vt@py:t@@tleef échab‘ydrtaés in n*glwcemwinanmntalanénohhqxo

cult card. fEeﬁai:sﬁ&tSifdhahoiﬂp&n@i’@ahﬂd e6ndi tilondei Rdrhdel, abitdaré vt

met hyl ene bl ue &g fei o6, 1938, btk uRubesor Fartls HBHHLAGOlnbagPy obaat er

was establishe Snears tromr
Canpy! obact er- B4P Eﬂ‘?&l ﬁ&FHﬁF%’F%t%’s‘*‘( P’Pyﬁ‘?‘?]c%%t@r%y Bifyar, 5% sheep bl ood,

trinmethoprim mid:ﬁoat@mp]rmmiu cpnd thoni, noBpoXzepiityl, othd rharaegtdnyhat eri ci n
B, Renel, '— 1%§1§Qin§$§%' LﬁcEéP{H tReaeagXDEId 'S%Ei:érﬁhe &%@Eﬁ@l‘?&é n

Tabl es 10 an : accl na n Pr cts A ain uni
81-176 20 , in Ferr'E’E% o 1AUE mﬂuﬁzﬂﬁ%\l ‘\ﬁ&é%ﬁa ?“ﬁ@g‘?“’éﬁ!% SENGEa

Dl SEASEb 25 pBSsédtherdirs aBdl i6/ ﬁl@/diaENB{ANGEidySSanﬂitﬁeﬂmnb‘eanpmttilc\/e
col oni zati on/ neﬁbfacé&%ﬁﬂcéolhcmc@ﬁ@nt 8dt Width 19mE A NS UHaePbRb & 1WAt er y
oS ooy s BErSE LG, SPegEL O e Sl ReS Shel Somagpterm e b
35 proteins; more particularly surface proteins,
lipopolysaccharides and carbohydrates. Preferably said
antigens are immunogenic.




4 OCR 2002 .Table 11: Ferret sera 1gG CGeonetric Meaa Titer . One week At ~
One week Group Basel i ne post-vacci ne chal l enge post challenge 5 'PBS 6.4
4.9 6.4 1380.4 s ~ ~~ BHT 6.4 94.0 .94.0 26505, 3 ENHANCED 6.8 234.4 ~621. 8~
56234.1a a Mean titre for the five surviving animals 30 Table 1o shows t hat
upon live chall enge, animals inmmunized with a killed-whol e ce}lgCraggy ne of
the present invention were protected nst col oni zati on and di sease. The
data in Table 11 show that a nuch greater |1gG antibody 15 titre results

from vacci nes of t ese |nvent| . (ENHAN an t.er
bacteria grown cong‘gﬁ ru ?c 'ﬁf’eé‘@eﬁ%ﬁg‘ &é}?&ﬁ& gg?e llt*ﬁeﬂs
i munogeni ci t yrefratsl ol tf}e aﬁhilrirtdt t\etimhider emtithody tprductdbhein dn was
obtained with a?i@muqcaresﬁ #iid iRk esehtedpbseat | t@na aé*tﬂnﬁ%it%ﬁat er than
t hat seen when_ani qa Weké{} ci_nat ed %hﬁga rown conve tionally.
Therefore bactPPy LR A HREES PaEHEE o b Keth? e BY TP P 2%
usef ul as vatd feagmenprof eridnwhade sbdgtanijum. ectl on. 25 Exanple 31. Mce
]90 n,OE na}3 U{ alt Ihy denel eerfcanty gaga&sﬁlprerﬁ%alehg aoi n{mﬁm&aatmﬁémc
errets, bu 1€ egn’ 0S ed.in ar 0, S
resi stance .t.o ‘%35?;%%“ coI &f{?‘f&{’ggn upo ggﬁ”%ﬁ%l?’é&é‘é‘ 8#‘ %ed
ani mal s or resﬁesfte&ﬁcéotﬁm |antdgenirastatig) aineaterdm laﬁcﬁemigngzm ani mal s.
~]|9f The WDUfse lauda&aaﬁ:gl té N hdkheas "erlalhd peeserd hevditadnt 0 piadi ct the
efficacy o 0
desor) bed by R CaF e ?5#%%*%50?%2@1%”4{{?&%8& HbaehlsT AR
ﬁ mpl e Bal b/ c aRd/erapevit imfunageniGeantiqans o5 erRarTednte £he &aug |y vm th
_phosphat e- buf fimctérial gnewr Imhgcconegmomnmeﬁhomm ly growmn (BH) or C.
j ejuni grown * accgpgi pgol rdckRaRk o Ly-Eu\l;'f\ugé@) hifefPSn Oh ARG OV

or - 4 OCT 20D2 . th enc titres fromintestinal
mucus' in eacFedrsas tRr¥hafeds KPALY '%\PI Bxi gﬁt% fds and are presented

in' Tabl e 1.2 bel owrhé feh d'nizrohgrophrislidns candittongt @s hmmgaﬁimmudt th

|~I o' _~ori 10 );MH@M@%A f tﬁfref\ébgl eo%éer@;ﬁabgﬁé%ﬁsozd\é &R el el ( 1114
muni zati on Lava itre nonder sh~

" 75ENHANCELE% ? ush, &, sél" %%ﬁ) §°40‘2 %‘Hl“{*lé@ygg%zg% §%§ %8 tre

i ndi cates the qmanltant&O%Ctp 25, ; | oA 8% thoe 10Kt @) Wdthf bo% daz:ﬁlol%nabymmal

group of mce 7o|2e§90@gigr .are defined as those ani mal s whose endp0| nt

titres excegged 2 ard ,.dew tions above .the nean 20 rral S

recei vi ng F’E‘g al on g?’ém 12’1§H WECT hat® é‘?fer?ap'grfﬁﬁuarﬁieié‘ #’ %eria
grown accor di r@fﬁgstﬁ@ fﬂmf’rﬁ)(@cﬁprﬁh@frﬁ@@éﬁ?ﬁﬁv’éﬁ‘i%%&ﬁ@ﬁlwqﬁl‘@%r
intestinal | g/%tﬁﬂhbbmﬂ'yyttd fiha¥ePtesaid At Ry dngaeatfid/per eonswgeiwa in

responders th e [ 9@\[\# onventionally. 9

EBAMPLE: MECg NI %}:@J—. iﬁ%% %L%BRDT?%%CE}{ ? Eﬁlé‘ CéK/EN~ HY POC 30

Exanpl e 32. Al t houGhenber® niEIYRAGCFess (IREESCELNAY 25188 BRTELN 9 il t ed
6 hny part2% her ciedthantsfersoftoatheonbility presbhat inmuentespaoheee obt ai ned

ev' dence thatl s;idgegsts t&?é &%&@QQ'@%&M%@) séPQéfﬁé khollavee f1 L0 fol d

t | t th t t bact
sction L o Gt ChpablbE. AUMGHS st S0ECECHS O

caIC|un1dependHhB.éﬂféetenteh@qmgzibindtrtxndnaswpﬁnuec or species of the
same genus.

30 The term "“immuno-cross reactive" as used herein and in
the claims refers to the ability of the humoral immune
response (i.e., antibodies) induced by one bacterial strain or

:serotype, whole cell or otherwise, to cross react with (i.e.,
the antibody binding) a different bacterial strain, serotype,

35 or species of the same genus. Immuno-cross reactivity is
indicative of the bacterial immunogen's potential for immuno-
cross protection and vice versa.




- 4 0CT 2002 /~ _thus lowers the calciumconcentration in the nedium The
evi de#~ce ~s as follows. Wien C. jejuna 81-176 is cultured with the

menbr ane perneabl e cal ci um chel ator BAPTA/AM and , Wthout DOC, its

i nvasi veness of TNT-407 cel ~.s is enhanced 5 approx~. mately ;Qp]@f cimfzsee
Tabl e 13 bel ow . HAPTA/ AM treat nent al Qne, however, does not enhance the

i nuno-cross reacti~rity of G jejuna 176 cells. The results shown in
Tabl e ~13 were obtained wing C. jejuna 81-176.cultured according to the

prot ocol ~desoribed in 10 Ex | e, 5 except that 25 ~M BAPTA/ AM wad
substituted for O. 1'3)8?3%6.1’”Tﬁgg??1v£§i YRed sherpdin,apd glégr*rhee&léﬁmﬁ ERiPIScor ed
as .described ito Ekthgat dn28ivo Seetni enivahlmvdn Table irS andwaldi eel bf

| NT-407 Cel ls Ry | e] iRl e@n i r 'tgh?géPTA/AM
Cul ture condit igg%tlzgre&St r I%? % Eﬁﬁ?ﬁﬁ gﬁﬂ%ﬁﬁeejguﬁ%%ﬁ’( ??Jg) 1931.;)8@~ 'S
Several bacter iiRFlij‘g?f’érbé‘ A&t NSk & 1BdEeE ote A1 HETm-bioodad GERPEWESHMCEnent
or alterati o by batmsler abidl bindd t(e.guehclacketC terkey, dBakapgtobacter,

Shi gal | a, Neli cobaci&ddrdiayetdoiRs (AQEREOSIOUS Nt @ L AULLR ColBriesmpnse (her)
genes from Yersi

pa.:- Jhe lcr Jocus, is, kn to regul ate virul ence, of 3d

Yersinia in rebPbhEEntoring, AAARGaH CREGERS PaRRSTER 8% AT IRHAPIERfS
i nvol ved in fl| fgagment erpdestvativenghazeehivlthewantéric dbactquiacay dre
itﬂvag i ﬁn (f1 aA}giEﬁ&‘\)]iiatre.ebﬁeﬂéh]lglﬁ %g hay ]B?éb tida)bg:'wi@té& farfal adycfurftﬁ;éﬂ yl's: s of

e benhavl or, .0 a [ a n a 0 conventl o or
under Vi rul é‘r?cgogﬁrq;fa%& %éf%%an |’t-|‘5§ﬁ£lj i t gu B?gsg’fﬁfﬁem&ﬁfi Bﬁu%'ho 'hgt
i fvasion, but Hetexwmwydsied. dratpilalilhg erximfrensentanadoxdganie F+ wolis
Cﬂ. ci um _(Ij_eglenqiﬁ'n; naftoxIgbhéc Ifbrel eldreor Neg. nopy M&&%mxmﬂl Its
shown in Table e i U0, u copye y or
according to tﬁgélﬁ%ﬂ%ﬁgggbghgaﬁéggngallﬁne\sdé:lr%t ?S%Pgﬁs @?& I ?¥| edk?{plgxarrpl e
5. THe i nvasi ofi93¥@Rfs %r@aﬁaﬁﬁ%éuﬁﬁ’ﬂe’érﬂi’m@éﬁfié&a&‘ Bibed in 5

Exanpl e 28 alsopbarmaidukitd]l ¢camcisironinélidihgdbitGedt Slimited fejaadindyt ants
crown Conventi gagttdsd Bl btRér ek Ngo i it Noden A duligabPigsent | nvention

(‘(ENHANCED) Cul ture condiition 10 Strain C, _|ejun 1-17s C, juna fLaA C.
jejun.i flbA BP#“EM%\%%B& .?%%’%??65‘1?%‘%%630% #ﬂ—"éﬁ@h%e C. .jejuna
fla and f1bA nBhamacewticahi $ciendegni HaekaRubl ighban kahpddiigoar etarnsiardi ng
and i mmuno- cr opétéditdd teky VNahicukivied st hse¥hd:as Labl enléhand Figure
6, respecti ygl i, he Gesilbs AHUALR AR &nlBnARL. & g uer e obtai ned
using C. jejuna culture conventl or]aFI y or ' Z5~accordi £5'the fiethods
of the present VRFEHS Onvhich canpriifpedntibissptlats 5&’&98-&"‘-‘?%@@%’6’0 red
dye bi ndi ng aspagisogesddsosgalnestiiimsar énsémvionisn ofadi sedfes peotection de out
as described igofpapl e 26 above. The inmmuno:-cross reactivity, whose

Exanpl e

o o SO Qe Brad8 S LSS A0 LB
Mithants . GRE&wsheozhadnt.| sriery YBlntepic Amahegiiagthat Matehddcapiblaof
Invention (EN“iAréd#idn and/or colonization and encompasses attenuated as
well as killed bacteria. Attenuated bacteria may replicate
but cannot cause infection or disease. Inactivation of said
bacteria may be accomplished by any methods known by those
30 skilled in the art. For example, the bacteria may be
chemically inactivated, such as by formalin fixation, or
physically inactivated such as by heat, sonication or
'irradiation; so that they are rendered incapable of
feplication and/or infection and/or causing disease.
35 ‘An effective amount of the vaccine should be
administered, in which “effective amount% is defined as an

amount of enteric bacteria or an immunogenic fragment or



5 Culture condition Strain ~ BH ENHANCED . C. jejuni 81-176 0.47 1.68 , i0
C. jejuna flaA 0.10 1.60 C. jejuna fIbA . . . 0.'12 0.80 The flaA nutant is
unabl e to express flagellin. The 15 flaA nutant and a fl aA-f3a8 doubl e
mutant (received fromC. Gant, NIH are both noninvasive evers &t el
treatment with DOC, indicating that fl %fl linis required for invasion.
Interestingly, the normally exhibited zi *e., non-DCC i nduced) .immuno-cross
reactivity observed between'the isogenic parent .20 strain'of these fla

mut ants and celde®iiRativertidreofsehat Yitecaphble ¢£jpttducingbse iinmunet he

tants. Ho tr.eat i : i ng ts t
exhi it enhancSE PRI ELE, FaMeEEr, L obREAdddFIL Nath BehaEhg
findi ngs indi capen: ke Idgendgity cof Kheybagter i MYePRBRs ¢ deydwptive
bacteria via caisegymi@pgidepecies &hd wdignasoy s $ubdaet to be
]?.a' crumi ”deﬁ%%knééecg; ’%@ng Esdasgéé%t@mg& W@ii-?%h.ﬁﬂ?&ﬁté@ﬁ?\ga&ss.

i ndi ngs further sugges fthat e hapce I MTuno- cr os reactli vi ty. an ngo
red binding i nd@cegeEsrsd: monalintbing ienbpdiventy@fl the- invaidentn 30 10
EXAVPLE: OOC | NPPEEB] e i siNGR BEREIOGMeANDoBRESE i |eYAIEY GIREES aREACTI VI TY
OF CAVPYLOSACTER{EJHN aﬁ%@mhg gfeteJ *1{]0 A g%x&e dmgﬁagf&%é diftdgbhy! ty of

rding the nmethods of the 35 :

Canmpyl obacter j e una gfown acco
pr esent ~i nvent itdehaBEAG Hoh¥achindeiame Aaph dPreferdedgofReFHElGon assay.
The assay uskd nont-g2éhitirig rambodihéeéntn dfntlel 1adestnicm o appraximated yr abbits to
determ ne the e 7.4 0cr Z €L ng, Qu ongdj.tions on the
\(,:\gogs- reactivi ?}f? oﬁ???&%’%hﬁ%%?é#%ﬁ.‘ﬁgyw C?i-'ﬁpg? obgégé%fal’h%%‘er abbits

rei mmuni zed wdphnisvered tioepuhes8l- Fiefgrves mumwaccioas| ¢qmprising
aggl utinati on 3aab¥ityci WhddeNBEEEe@H . Dodi es were tested5agai nst
twenty-four Canpyl ohacter stains, conprising eighteenserotypes, grown
conventi onalllsy in BIEF? ﬁ%d%ﬁﬁ?ﬁf‘é%ca&c’d‘i"ﬁgt 3° %P@%ﬁf?héasggﬁsjtvr% i nvention
as exenpl i fi'€d VRRCERespi® an aypunt cof) | and iypdy hehaty disucerablerPfissays show
t hat the)crosspaggbhtimpidroRtebntigt BiPl0padte LA\ ideagkebr SinfRiction.

was1lObr oader a | S r r r al.ps own

according to t%en%@%%%‘g%&%%?ﬁewliﬁ%e%ﬁepggﬁiﬁglﬁ&h%g\e?%%?%m

convent i onal | y2n&ikedy jangd (the ppkieodiaditsrovand e SPECLas (yiL deight of

het er ol ogous agheusubpddtorta bactaucinatedof bidd vaondentaiseratdimet oaing

het er ol ogou0stsiahAsr@AUdHHigALEd15at |l evel + or greater in the anti-81-176

i mmune nnucus, whergasl4 of th? sane 24 strai néﬁ%{rovm gnde‘ﬁ PC#’: a

condi ti onsaggl uti nal 8TFHeS &Fefhe BregFEafLyYen &Y, PRnfIete HiEEEnot the

het er ol ogous stpghhiy cenfiest sastenivesidy byopnyioagffias knawnohn fhen art,

Con?/~n_ti Qal i y 1ae0uling) BN not 1m§@&§ﬁqstf&mmowdcmmm?ed

agglutination r 8 C -
%g?gﬂﬁ%d&’[}:g:gl gh%@%‘?ﬁ( ENGANCED: £ dritla QH%&%%L&, Brad

DOC cont ai ni,ﬂ,,gr%e strates ctoss-reacti Vi
ant i - 81- 176i nmeke °FA®Hi Mugafdds rahefist 19 het er ol ogous Li or
ser ot ypes25consi st i vgeeinaX? malyr benadigirdaterenyénta cndlitiapl ¢ BHhentigxior usi ng

the et hods of LEXRARLELEILANANCED) . 19 LBAUEHedd shekReE bemRuASs 2y od

only a fraction q nown Li orsef eponst rat e t hat

pes, %Er sults d
the met hods of AT N RS FOPRYEERT st St SHETafnes 2EFadBP e i vity
bet ween30Li or ser ot YpesinéEhaayedabisalhly tHecpdphnisterad atese@xahanced or

i nduced antixfenntebvaPEPiN Ulaek-CtodBROR 1 QnkebBBPIIasl.N the secretory

| gA response associ gted, wi t hresistance to and recove fr
.intestinal'infecti ﬁcﬁﬁ/"ﬁﬁar?ﬁy%hﬁag?‘é?r.’t%? P\aysﬁ%u‘}/ﬂ'{%ér’f %Et' et that
strains of Liootherobypkeiaridadf on bdtexniostatpeanrethodsanpyl obacter coli .
One Zf Otc_f;ezazs_trai nfmémcﬁm ;ag, Q' thiasmgé@%memsyrs@rgimm@aub'y_nﬂised (3+)
r - 4. in antj;81- ng_rabhi cus, S; I,es [ s
that a vacci nectﬁ’é‘?'fivtﬁmi‘?%me&lhggusj gf‘ﬁ‘ﬁ’.‘ iq"c’stqgg’Fﬁ pistifed I}?'ogk%'#{g'ot% <’i“lt(?)“'ﬁll y
can ar 0s$- priot ast baganestlidttedotogtive wetihedgpdesor thad iﬂhé%i\h@&kﬁ es,
but al so ot her Iﬁ@ﬁ?!’t#%ﬁfna&pQ@. eBaPlde, DJ. Laka[ Moo xbapiehgClatior Al so

worth noting is that Lior serotypes 1, 2, 4, 9, and 11 are andng the nost
preval ent di sease-associ ated serQypes world-'w de. They sl11 denonstrated
detectabl e cross-reactivity in this assay. io ~) 15 20 25 30 35 - ~ oc~t~
zc~2 . (., Table.is. AgglutinationResponse of 2oCanpyl obacterfi erotypes
Gow Conventionally (HH -YEy orAccording to the Methods ofthe

I nventi on( ENi i ANCED~ t oNon-i m uuneb orAnti-8~.-176al nmune Rabbi t Mucus5

Aggl uti nation. response~Non ;i nmune nucus~nmune~~, uouslLi or.trai Eerotype HE

| -YE ~, t~A~I CED~ .~ ENHANCED1341 ---++101952 ---14 ---+++1705
- - +++++++81- 1765 - - ++++++++i 566 - - +++++++81- 1l 66 --+++35?.---+52 ~8
- ++++VC- 16?8 -- ++++2 OVC- 1598 ---8 8~9 ---+~ 4 411 - ---1-+++55617

--+-56318 ----25544.19 - ++-++69921 --++118028 --++++198229 ----3091032
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35 Q, 4 0CT ~,t~ 5 The anti-81-176 nmucus were obtained fromrabbits
infected with live C. jejuna '81-196 grown conventionally The non-immune
mucus were obtained fro:r~ uninfected rabbits The aggl uti nati on responses
range fromnegative (-), to very weak .() , to very stborig (++++) 11
EXAMPLE: ADDI TI ONAL EXPERI MENTS OF ~I ACCTNE EFFI CACY100F ~ 1AyRyiORA: ~P~
. Exanple 34. The protective efficacy of {f§rmalin-fixedwhol e cel
Carrpyl obacter jejuna, grown according to the~nmethodsof the present
i nvention was nmou at hanaandsl (ge
Bagar (Trfect. %ﬂdﬁdpgg%%gSl%%)SYS? 9‘8%)&1 JE‘ReaunanfE'ng%ﬁ rovvn
and~har vest ed 8 c\S"r‘Eﬁer'l’@""‘FSEﬁ%?ﬁ)‘leé s2a8nhe | Ysei \Faf'e{‘] F (qpemgnobed /99‘ l'i n
as descri bedabvats, @udmes pigf ihams@ers Sndvesibhditd) f bsredmduBdkzbd’ with @e

wer éadni ni ster. ngi@r&ﬂlob?'l i e(n‘ic%rei%x&éiﬁ.s%r' eI Brf fRe200r 109
i nacti vat ed ac%ﬁ Iﬁ‘g cont ai %é é 10~ rt| cl eE al one or
i n. conbi nati 8n a Srhance h& F’éb‘f ﬁfé?o‘?%fr Pr&AEES col a.

(LT). Doses weinvefitiom in tgh@hsenceecoy apresendei aficah sidduyaatter amp 0.5

u~l . doses of 58(?9&& Whalel Qaﬁb@@ﬁﬁn%el dhé Oﬂnn(mmdgénﬁé m&tqwﬁas@taﬁé
m nut e25i nterv

neut r astr a cont r 0

ani mal s were vgﬂ%ﬁ%‘fe‘& ﬁle? g“&'ﬁﬁﬁgi%r ﬂk‘%&ﬁﬁ?ﬁt ﬁ ?’ﬁ X_GL#)%“
adj uvant. Appr the rmeaeylc%oﬂe(;@ia‘feﬂe#a’d##qm’stbb'a?hﬁnc@fvetﬂienthlﬂﬁﬁl%se -
vacci nat efl Iaoi {'ﬁéssé/lﬁlmeﬁbabi&&g@f eh_&?eaxz%abhr e et lag 'e&txrahsqzﬁce of
approxi mat el y n rnd.ng units of live conventionally grown
Cil 9] una 81- 17é9ﬁ?‘?1f°9‘&3r ép{:g%o’}]&e%l nt esti nal col oni zati on wasdet erm ned by
monitoring fecal sHEsfdPegeelenyl anfibodies, Fndmpperaxpl treassf #aterial was
emul sified in désstidPBboadidaluhgnobs pteddbae Savihyddayokdereridl ood agar.

Pl at es wer e35i gﬁgfg d \.g?%' I

condi tions(Ca 8 ae?'(tjer%h&aégn%q % gh?ﬁ e(apghhsb?% % een i?owt

C.j ej una. C&Fggi:zj%ﬂ%} P’e’s’ﬁ’f‘?‘éedarfé’r Prieed Q?@ Rt e‘b‘é émgz n e&:T 2042
. of aninmals. whehld mpeCifipyd Llyasedecbed aimomtadnnpelinze ced re dand As
shown in Fi gurghe mixtakd: masa{elry eqbakb@n@@%xﬁagaﬁts ifeaiyyuni.zed and

Control, shed organis e 5cha Ie ge E] one
hundr ed percen? %W@Bﬁt gno gﬁ%ﬁ né’ gl%ﬁé“ﬁoat\ésf %Pe k'gsa{”é‘ §?t
chal | enge. I n co®t¥mst Unéﬁgntﬁqmmlmumémc&@mf#ﬁi@ﬂ|‘Fﬁlteh’ep#aéa $ateedgr oups
shed or gani 2usrshddm@eibetconra@ af rube® Sidanirsany tdyethed. wBaih t he

degree of and Lhf.de shearanes Al «ghal Lendsl QRLasel A, dongpent on

t he anmpbunt of vaccl neadm n| icie

i nt er nedi at ebVBYRIMRR §6ddslines FheLi EF%s‘ﬁf‘d’sé"f ugeny ad-'reaﬁaﬁFlffcauY
andi nconpl et e chvserofsuchethatng. byTlhbepues ot sedfechiipuveaitiianc suak cabs HAG':
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tested (109 gartl cl oseﬁ Qn- a *)uv%nh:tl zed x@%f Lne. p gge&aat Ia \éel of
protiect i onef a?e’f% 1§'I| Y5° 4FER S5t nl ai hed Wien aco ar abI
dose was admi nhxbié#daj hﬁr‘t‘!ﬂhe@ I’F@IE-'F dar bivedtfromithgr ipmanized deper

when oral |y vaggeIai&20aBi M aterasSuhs agie tiell ¥ s ciird |dENgeddoand | v (see

Figure e). Thes i C iz 0

nact | vat edCangir S 3n' B (PiRdeddt, *"E@g WY EeoBu bt ST

present i nvent i BATegTas OTpEhe daseRCegaf RAtihiYchaeing dest F%ﬂges of live
Campyl obact an apecifiriitynuavaais ahel shefén cadiiges . evBEnHencadtades ni st er ed

orall'y without g ﬂﬁ%goft @%Mﬁb@nbﬂéﬁom&%@t EY6né&d fycagmieing

forrrallnflxed cter . je ord to, the

met hods of thef \E‘é n |“H§éﬁ?f%r?°(%§’§ add Jﬂ; A&l%@g‘pg Geit cu1dre i

admi ni st er edi nsingbr idediedh| gri{dim). Mheaammﬂéleaapédthq:mresent

t hese30exper i ”?H&éatﬂfrx‘)ﬂa%eoﬁs@(léc gﬁﬁkﬁvgwigﬁn@bcégﬂﬁi& enteric

adm ni st er ed2 5X109 b5 OX10~ a single dose of 1.3X1010,
,inactivated® Cbaﬁ%‘]’j&m “ﬁ&?H%’P%?’idn 858”7‘&8 ‘endot oxi n-free PBSW't hout

adj uvant. The ani methedsefehatiecdgédctionans ankibrdien ar sdgl bactarial
dose of live 1 8] (oY el OfdfRdnoddeddysNare know
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were nonitored daily for 4 days for nortality. As shown in Table 17, a
single int~aperitoneal dose of 5.0X108 inactivated C. jejuna parti cI es
~.nduaed an ifimunol ogcal rosponse sufficient to pr4tect aninmals against a
live C. jejur~i challenge. Table 19: Protection Afforded Dy ~P Delivered
Y2=uaativated C. jejuna Prepared Aaaoxding to' the Methods of the Present

I nvention t0 Dose Mrtality .~ Survivors Day 1°2 3 4 1.3X1010 2. 5X109 15
5.0X108 1. 0X108 5,0X107 PBS Control 0 4 0016 0 0 ~00 200000 20 11
7002106 202320120 12 EXAMPLES: DOC ENHANCED | NVASI VENESS, CONGO
RED



$I NDI NG AND | MMUNO- CROSS REACTI VI TY OF SFI | GELLA Exanpl e 35. The

i nyasi veness of Shigella sp. grown Ln vitro is affected by the culture s
growt h phase. The r~~ ~5 invasiveness of Shigella flexneri 2457T cells
grown conventionally (BH), or according to the nethods of the jmpegnt®bn as
exenplified by Exanple 9 (DOC-EL) (wherein the cells are froman early

| og~phase culture), or according to Exa@_Be 9 but allowing the culture to
reach. |l ate | og phase 30 before harvesting the cells (DOC LL) was tested

according to thg,pgpeedy ehadgacihded it gfgrr{?ﬁgtﬁ%ggﬁgtéesul ts show that

culturing with | egqrx\q?nc'es I nvasjveness an XTI mum enhancenent
i s achi eved dur FAGLEPIYNQASFAYAL LRI SIGNFA -} SRkediignnRosarberd 2EFRYR i ng
with DOC accor di(EGISh) | lutrebodst afmitheassups| iom Flaoresdairees t he

i nvasi veness of i gel i nnei, and S. dysentariae (see
Figure 10j. In pg;wﬁi%%&%g&%ﬂk;g?g%%d ((?Sf[tﬁgél jal cells ;hg enhanced (

i nvasi veness &f. Shiyedthergabaginentdnsiigendiranestisi ke ioampBaFIRg wer e
infected basol andlabf ythey dsisenbizl areayenthi sefuividigol pertoin o desiredt h

t he invasion pr 'Q&sﬁr | Lo i i es ow

t hat ., shi gel | g Qﬁgﬁo accor‘;c;@é?%&tajc')ﬂ%\r/\% ntéfﬁ%é‘?@%#é t%ge?g%'nt l?‘%venti n are
neariy 10-fol d FORENOSRLEANE BAKPSPHERENEES pHa o SOAREEC LR thih FoChoos
procedure descrifbed &y Popabdnation (dhfonet or SuéreneontabBedH 423648y . WHD5)
10 Exanpl e 3R Rebestddy Géagehed. achiRiflian§1t Océdift- 1MRENQH SertferlillE LREESHEIY

i nvention al so e%(h' |t~enhar11_'cgd'Con$°o red Zi ndi r}% S flf'x eri 24?7T fmd S,
s?n ei grown coffehi? RRATT ATt A8RAPR AR ¢ NOfEORR Polyeipne
pfedent inventisntibodkafplithei presenttdavention wer combinybibr arithheevexhie

bi nd: tng 1;3] abit Lbbheénmr@ R%%%é &&r&?&&b@@%ﬂﬂlo&?ﬁgﬁi@ cl?)o@up?ﬁeufs wirL
results show [o i_n nhance r i.ndin e_two
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Met hods of the Papsestorynwantiadn(EENEANGED?DCuldng e codadptioy Harbbrain S
fllexneri 2457T a04Lk& %regg';mféaﬁ- 02 &n&gngﬂnﬁg&i@%%ngg' gellais
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reactivity of SHRGEFFS U AERPS ot e EXRRPHY: THETREL Hord P ISt ern PR ikt
i nvention was ekanmainkaigi khet b -efding asaby onidsg®y (auchiests ibusdnotn _
Exanpl e 28. %he)aaseyq Use@ranl i GEFRMY Ty NuR vt ctabbbdia ledt3Boded£r M ne
the effects of culture condi.tions, on tré? LiNILNOCT 0SS (e CII V|atp>§ Ot i-1aG
di Ff erent Shi geFPﬁ s?)secﬁfré’é‘.l #Re FABBIFYE g ti-mouse f9G (ox apy,gpki-19
3muni ~ed with terteg ianimalefroni geldln theeRhvet g ppdy was derd¥adhcaist di ng
to tire nethodsthé fHeaplaetdotibe @ggladrangeagantactivity of the 1gG
anti bodi es obt ai ned {lGBdch@s! PHLbLEAAN HBLAC A G308 4AfiAkISbneddid OU
Shigella 'S speci es~grown conventiona In npedi um or accordi ng to the
.ms? hods ' of ‘215hBaFﬁ?7’é¥ﬁi16ha(§%?,ab:|§<aq‘Fp¥aé §FseRtial gultpee fediym, such as
aggl utinati on abatysotshidimittledt tgr cowtrensinl 1piavailskgei bmh_nthepr@nhamﬁwn he
?ﬁgl uti Pai |h ont ﬁg}b%t.yah@;« e Qﬁragnﬂ%ﬁpya‘ﬂg{‘?hgg%é g,lfao'ng&;,%. .-%q;m?: | as
ose 0 e ee | er ol ogou . a, species to anti~S. xneri
anti body (see FPEAPELYA LTty chaNbe-RitEampt ot BXeyoess ReRtone Fact
Exanpl e-37. Theeptveekthnathef fkcacywitth fverdabs nednddddons awdlasmpenpnts
Shigel l'a fl eX¥gelhcti®@iMy 3RONhdENTikDtdd1eomel betstofast Berar@sanlo2bpvent i on

was determ ned ysipg the rmuse chal.l.en P

Mal lett et al. tjvggf e?nelf:rlgagég‘gi,lei%@dg gxrglge%oﬂeé tggl%léflogtdfblgé%%%%ahas
grown and . har veseedrsexsortiengof osesle afechedsstsetpl itti adtempareidpee 9 20

and inacti vat edpatirBe®). k%ehar 2P witidescyrbeth iphaEecatmdioulOearly log

Approxi mately 1 i.hactjyvat ed er | al rh I d agglnat e
1716 weok- of d PRREFS perien sRBEh lod artliekhEL P rRpHEE dn” o EBLGE
suspended i n 3§t stationan phasenf 18ea PHom under ohteynaerophil bic fopditions,
particles/m andudh a€ls®itc2208hts, MEtAr ot twpsadain; Hiered208sed, yito

were given ai 190kab0 HHEIOEI & HH, TLaP T WibR Rt Jp 28R P T RS

protective abili'ty of the Shigella whole cell vaccine, groups of animals 30
were i mmuni zed using a suspension that contained the inactivated vaccine
and 5, ~g of the heat-labile enterotoxin fromE. coli (LT). Fourteen days
after the third i muni zation, aninmals were challenged nasally with a
subl et hal wasting dose (105 cfu) of either live S. flexneri or S. 35
Sonnei. Imedi ately before and at 1, 2, 5, and 7 days



- 4 OCT 2002 follow ng the challenge, animls were wei ghed and the nean
group wei ght determ ned. Results are shown in Table 19. Table 19:

I nactivated Shigella flexneri Wiole Cell .5 Vaccine Protests M ce Agai nst
Nasal Challenge ~tith Live S. flexneri or S. ~onnei B 4 OCT 2002
Chal | engeVacci nati onPercent. Wi ght Chan eyr gani snPost Chal | engel 0 . Day
1~Day 2 Day 5Day~7S. flexneri PBS- 8.1-1842(-17,7-18. 3vacci ne- 5. 4- 2. 9 --
2:5- 1.6- 15vaccine +- 7.0- 2:0 - 1.51.5- ~adjuvantS. sonnei PBS- 8..1-17.5 -
9. 3- 6. 4vacci n#S% Ny ahd3optHrally. AA0tee resence 6ofl-a WiRvalefit 3eation |

2. 1adj uvant Terughgeol ) S 2] b wtelam@azt%d&éonfé%l%xgrtgeygﬁf}

conprsing 10 inact|vat ed exneri grown accordi.ng.to

, The mice i i #8d oF (BPRFALBMNE2 G Lenfd LonHipniltee 3. r\‘vI"exﬁe'f'l gr own
according to ttt@tm'aahatibc @‘ciﬂhecemmelthylv\mteamr todetelangaiabet , Chal | enge
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protected the @hesiaghiCmst, Shal Lewige MO)h 0ite 190 gMnofi EGTAyT esti ngly,
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protected agains | | e t

recei ved the adf 39; ‘E?“z°éi¥megﬁi’ﬁ %%Frzog‘ﬁge‘é‘é’cﬁg’ °$ﬁg SEu?Et’EXngfzf ’bl ne
al one al so déntesuttinoicombination lnft érotibtiens andl congrnents sroéothing

Thei ncl usi on ohntb@eﬁﬂcﬁdwéanimcém\&%eﬂcrlsaéﬁazlihy enhanced theprotection

adainst the chall enge n The 5| ndi e vacci ne
conpri sing inactivat eoﬁséhlg e?? &?Oé}bé"rg gg 8 ??l cta?test H&dgf‘%f t he
invention i s ePregenyelnvenkiep %é@c%dgeqthymseaser#ﬁ)mctenaad@es

not ~r equi re anadpoyfinda iimmpatyealy REPoLE aké@wtlaht kR piddetite of a

Shi gel | ai nf ae! wg0s1dfl eEXON i1 AT 0ol T, A ffﬁx‘t@dl Bh-JROFES OF

H ~" YLORI TO ANl VAL ‘erence 0 pyl ori
enhanced bygr o®PR ¥ dﬁ?c?&b‘ﬁﬁggv t% W'bPFeB REH/(PY ¢ 0P - §1 T\ li0o i ot Eama,
strai n15NB3- 2 or G510 4ong00 aHdef]l RGTABRM; bbwt mmdms_m:bcmme balé smeidn
Af ter inocul at ppnpie Jaliggks were fl ushed vm'th 10%CO~ 5%0~- 85%\~ and

i ncubated for 22 h 37C h s hi s |ncu t| on e culture
was diluted 1 to 10‘?’{% 8FI ﬁgz c%?fta%' t@’éﬁ’ PFeEFﬁmwith 4%
bovi ne cal f 28~BEeEfht divaniiey J«lell’d@s aeﬁn'e#mrladt Péihs Qnmmmdneegweed
(0.025% 0 0. 2%y ﬂ'ﬁ‘eaﬁv@ul ahid QoM yagahderitratiead iNV tHe igad 1SBIBAder as

gasmi xture, andel fcibatednats 316268 kioyies RALYEShad 2k 34T ke i res

up to 18 h and t e| r adherence saye using t t hods

descri bed i n EREhpl &8 asTRRE ek Jiimd tef obp t1PNCALE't (R14RP FRPRTRFPRLes, -
enhanced t headhetreithedicbigah) pyoyrinet bildTtsi@hacehésidadsq Figukesisl?2

andt 3). For ztshaié%’ux&)sb&abahgpeﬁtﬁne%@&uyemaab@e%é a@aft%ﬁg ncrease

ovel that of n hance occu r owt h
(Froure i2). rapofhy drserebolid,  slEpshofle FnCaivdoonclsy Bosdro)y

i ncrease over Pnaﬁeﬁﬁe%éﬁedem@téul(vmb. 0 courerelaidyneanilablel hilst
growth in 0. 2%tie dids@ntein pivd Hesene’' @odtea) lendRs gePeitdnleyand large

correspondedt o e phase
growth. 35 L5 LhOEsnEd 2 HDs ‘Eﬁg%ﬁﬁ%&&# %ﬁ%ﬁ?\%&i&%&éﬁg\vul ﬂk%f:ORDl NG

TO THE METHRRSPTRLeedpRESERCeInmRELOEC) . .., - 4 O-T 2002 Exanple 39. The
protective efficacyhaforidngate netfd )pedwbatl m«midioHel entoaet bacpyﬁiml gr own
ACCOr O N 0 LB EEAOARAbCLOE Al Tl LRIENIIORaBIISRIRIT BEY, LS ng {he

nouseHel i cobact er astr] Qni zat1 on_no egfrl bed Chen et ~al .
( a cet, 339:1Yepsina fp 19824 1“’9‘@‘% tEELERT 1SS PSP IUR #PGe1- 4 was gr own
as a seed cul tBaetém.tdalsoap Zmlefzstie:ué: ﬂpderEnt@meBter P asalmenaldla

medi a cont akgi 4‘V g t o Qf
used toi nocalgag Aego?a%?éh? ol]gtfrre O?&E%Psaﬁggﬁ eg?g cpent tgllr??rttzﬂﬂ%/&m/ V]
bpvi ne bil e. r%z’cfﬁshsefr GBI caprasiia [qod1-6a0 Lf é’rﬁaf‘ge*gt%‘a by
centrifugati onfmsnzhzt estosRenbe duettiods/ 48nefalle known' tortlgiseakkibledrelof
Hank ~ s . balanced Salts Solution , ~(HBSS j atroomtenperature. Cells
were recentrifuged and agai nsuspended in 1/100 of the original volunme of
HHSS. To thelSbuffered cell suspension, formalin was added to
aconcentration of 0.075% and the cells inactivated by stirringthe
suspensit~n at roomtenperature for 6 h then cooling thesolution at 4C for
18 hours. -Protection potential was routinely neasured by20adm ni stering 3
doses of this inactivated whole cell vaccineorally to 6-8 week old femal e
Bal b/ c Nel i cobaeter-free'mce atdays 0, 7 and 14 or at days 0, 7 and 21.
Doses of 109bacterial particles per dose were evaluated in conbinationw th
t he heat Iab| |l e ent er ot OXI n of E coI |. Fourteen day525after the th| rd



The nmethods of the present invention produce bacteria capable of inducing
an, i nmynogeni ¢ response which is protective and therefore are useful as
vaccines. 30 16 pEPCSIT OF M CROORGANI SM The foll owi ng m croorgani sns have
been deposited with the Anerican Type Culture Collection, 12301 Parklamn
Drive, Rockville, Mryland 20852, USA, and have the indicatedq SIOﬂ
nunbers: M croorctani sm ~Acoessi on No. Iﬁl~osit Dat e Hel i cobac er pé@
NH3- 2 Septenber 29, 1995 - 4 ocr zoos Heiicobac~er pylori Gl-4 Septenber
29, 1995 5 O helre equi watiemd intdfineleatretdurds fob fuyrgnasent Fbﬁvﬂmﬂmeqay

be -easily det eggadigd chgg f%ﬁygtg}gg |oan?aBE éﬁé?égg&h gqgk {ﬁ“ﬁﬁ Qar e

i ntended to be | ncl,uded K~ s~ |nve he f oln
i ncl udes al | t?ﬁgqqﬂﬁﬁrﬁﬁt Eﬂ?ﬁﬁﬁ@ﬁéds°yé§§€h€P§Fa¥EFQﬁuﬂﬁ efﬁé@éﬂ%ﬂﬁqw edin
the art to prasteepe erfpehi@oytas (SBA) pventitoe. iBesaune 108 @,| egspatents or

publ i cati onsg. meoa gﬂfﬂé”éo'?aﬁ&tﬂéﬁf ulud«gf BbEB3 4 4 alsltoEﬁg terials

cited ° hereln are ference i n therr Lrety. 15
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MADE' vr. . r~. . Knowa ;nethpds D.S@PAWE JHIRINSHEMS tﬁﬁzdrﬂl@hCAﬁ' | BRS wittht a~e
I6t WH i( me snmnwuazﬂl\hwl\&kﬁt@ﬁad&t@c w'zowawg ﬁ%ﬁ& %ﬁga&aﬂ% | MR

onH ei x~. i | cne~aW qQu ~G¢stato .. 0. .

s itpinsepRing o dudl1ROSIAY %hegfc’gh 30 A FURA B dGesTaing

" Aoour ron Hunber
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In preferred embodiments, antigenically enhanced cells of
20 Campylobacter sp., preferably of the species jejuni or coli
and most preferably of the jejuni strain 81-176, are grown in
a basal essential culture medium, preferably BHI broth,
additionally comprising about 0.1% DOC or about 0.8% bile at
37°C in a mixture of about 10 to 20% €O, with about 80 to 90%
2% air and harvested after the growth of the culture has reached
about late log phase to about stationary phase, typically
about .20 h after inoculation.
In other preferred embodiments, antigenically enhanced
cells of Shigella sp., preferably of the species flexneri or
30 dysentariae and most preferably of the f;exneri strain 2457T,
are grown in a basal essential culture medium, preferably BHI
broth, additionally comprising about 0.1% DOC or about 0.8%
bile at 37°C in air and harvested after the growth of the
culture has reached about early log phase, typically about 30
35 min after inoculation with a culture that is at early to mid
log phase.
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~2 1. A vaccine conprising a Helicobacter bacterium or inmmunogenic fragrrent
or derivative thereof, said Helicobacter bacterium having ag 4eBE

antigeni c property) V\/m ch is harvested ~1|9)m a culture of Helicobacteér
bacteria grown in vitro under a conbination of conditions conprising: a)

about 0.05 % to abog ekl 8r0F ﬁtgw@mgg t 0480 ¥
nore bile aci ds édsga%t rthergg © ° féen@s u P%éni%aﬁ.% a%gmt 30C and

at ,a te ure
about 42C, c¢) eal"‘rcnoibﬁf’{')%'é divii cPE a%ﬁgn? ﬁaf‘i‘ué‘
m cr oaer ophi | i (49§thllwftm°- eenpitéeie) gzbwot ith w/@aeaabmﬂemmmmrteh

about 80 % 10 sl érahiab 07k 1oy adabbdoadbpWord 12402 bt about

10 % to about 0 about .. 70 di val ent
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wherein said Hﬁlﬂccobacawutc%&ue@ m a@&&us%earwﬁﬁ%maage x@emeen
~farly log pha e and %{9 tJ na% hase . ab statlonarié

vacci ne conpri SPRYeEt &6bakbere PFu %rcui reap ﬁgré?ﬂu
derivative t herleef or sghqiitHeltht bbrrotie phbaet erfum naverlgr%ﬁere;nﬁanced

antigenic prweinwdimtch the Ba1vesh@dnbioafed Wetdrend ddiehkeqhact er

bacteria grown d onbl nati on of conditions conprising: a) a
d,eraI ent rati oﬁegﬁﬂ%%taa.'?olﬁil gf’g?ﬁ Srom the group consisting of about 1.0

about 25 tcM of WAW&%&R @tured serardiog nivw diheeasthgda R &bsut
1. 0 to about 199&@%6&@%%%&@ aatteaeaenawmuageeb,etmqara@@m 30 and

about 42" C; an con%iiﬁ% %nﬁ‘p?’%% %agrgggirg% ng Jtnosgo wherein thG

r ni croaerophl I % CpZ w th about

84% t o abouti®3dpaprelyspcechprides andymrt saamdna@%oqn%qrhsae ut 10 %to
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further conpri gi; gt e AQtUERBh- metHoA"bs- e -fresent invention as could be
{ } 25 seen through electron microscopy or fluorescence microscopy.
The morphology and mucus-like characteristics of the
enteric bacteria cultured according to methods of the present
invention suggest that capsule and/or surface layer expression
might be induced. To test for capsule production, phenol
30 extracts of surface components, such as proteins,
carbohydrates and lipopolysaccharides, can be prepared. The
enhanced carbohydrates can be seen by high pressure liquid
chromatography (HPLC).
Protein profiles of outer membranes prepared from enteric
35 bacteria grown under viruience enhancing growth condictions of
the present invention can be characterized by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
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compared ‘to those from organisms grown in conventional media.
SDS-PAGE is conducted to evaluate changes induced in bacterial
cellular and exﬁracted proteins in response to antigen
enhancing or altering conditions. These data offer

$ qualitative and quantitative information concerning surface
changes associated with increased invasiveness or altered
antigenicity. ‘
" “The immunogenic pctential of induced. or altered protein

antigens can be identified by Western Blotting.

10 Immunogenicity of induced or altered bacterial proteins

(. identified by SDS-PAGE can be evaluated by the generally
) accepted techniques of Western Blotting as described below.
Any source of aﬁtibody can be used, such as convalescent
immune rabbit or ferret sera (source of antibody from animals

15 infected orally with live organisms grown conventionally or

+ according to methods of the present invention), intestinal
mucus (source of IgA antibody), polyclonal antisera, or a
monoclonal antibody, for instance one that is crosg-reactive
with c. jejuni flagellin, for assaying bacterial antigens.

20 The increased production of several of these bacterial
antigens is acccmpanied with enhancement of properties
associated with virulence. These properties include adhesion
to and invasion of cultured human intestinal epithelial cells,
and Congo red dye binding. The Congo red dye binding assay is

i) 25 a generally accepted method predictive of virulence and is
described below and in Andrevws et al., (Infect. Immun.,
"60:3'287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989).
Bacterial binding of congo red indicates ability to bind
hemin, this ability to bind hemin is correlated with

-30 Qirulepce. Congo red binding also correlates with enhanced
bacterial invasion of epithelial cells.

Previously it has been shown that most conventionally
* grown C. jejuni Lior serotypes are not immuno-cross reactive.
Based on this information, it would be necessary to prepare

35 and administer a number of vaccines of several Lior serotype
strains or a combination vaccine to obtain generalized
protection against Campylobacter. Antigenically enhanced
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liter of BHI medium with 0.1% sodium deoxycholate. Cultures
are incubated for 20 h with shaking at 37°C in 10% CO,, 90%
air. One colony is transferred into 1 liter of LB containing
0.1% DOC and incubated in a closed top flask at 37°C with slow
$ shaking. After 12 h, 60 ml of the culture is diluted into 1
liter of the same fresh prewarmed medium and incubated a
further 30 min, ‘and then is harvested as described above.

Example 9. Shigella flexneri 2457T was streaked on Congo

‘red agar plates and incubated for 20 h at 37°C in air. One
10 red colony was inoculated into flasks containing 1 liter of
‘ BHI media and incubated with shaking for 12 h. 50 ml of this
' ) culture was then used to inoculate 250 ml of prewarmed BHI
containing 0.1% sodium deoxycholate. The culture was
incubated with shaking for 4 h at 37°C in air. This culture
15 wvas then diluted to an ODg, of about 0.17 with prewarmed BHI
containing 0.1% DOC and incubated for 30 min with shaking at
37°C in air, and then harvested as described above.

Example 10. campylobacter jejuni 81-176, 81-116, or HC
(in BHI with 30% glycerol) was rapidly thawed and plated on

20 sheep blood agar (SBA, 0.1 ml per plate). The inoculated
plates were incubated in a GasPak jar with a cCampyPak Plus
microaerophilic environment generator (BBL, Cockeysville, MD)
for 20 h at 37°C. The bacterial lawn was removed from the
plates by swabbing, and the bacteria were resuspended in 10 ml

() 25 of BHI. The bacterial suspension was inoculated into 1 liter
of BHI broth alone or BHI broth containing 0.1% DOC, pre-
equilibrated to 10% Cco,, 90% air, in a 2 liter flask. The
inoculum was added to preequiliﬁrated medium until the 0Dy is
equal to 0.05. The inoculated flask was returned to the 10% .

30 Co, with 90% air and stirred slowly for 20 h at 37°C. At this
point the bacteria were harvested as described above.

Example 11. Helicobacter pylori was added to BHI broth
plus 4% bovine calf serum. After inoculation the flasks were
flushed with 5% 0,, 10% CO,, 85% N, and incubated_for 22 h at

35 37ec with shaking. After this incubation, 2.5 ml of the
culture was transferred to a flask containing BHI broth with
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4% bovine calf serum or the same medium additionally
containing 0.05% sodium glycocholate. These cultures were
again flushed with the microaerophilic gas mixture (5% 0,, 10%
CO, 85% N;), and incubated 20-24 h at 37°C. The cells vere
harvested as described above.

Example 12. Salmonella typhimurium (in LB with 30%
glycerol) was streaked on a LB agar plate and cultured for 18-
20 h at 379C in air. oOne colony was picked and transferred
into 1 liter of 1B or LB containing 0.1% DOC in flasks that
are fiushed'wiﬁh 10% CO,, 5% Cc0,, 85% N,, sealed and incubated
for 12 h at 37°C with shaking. The bacteria were then diluted
in the same media to OD¢y Of 0.17 and incubated under
jdentical conditions until the culture reaches early log
phase, typically 30 min after the dilution. Cells were
harvested as described above.

Example 13. Salmonella typhimurium is streaked on a LB
agar plate and cultured for 18~20 h at 37°C in air. One
colony is picked and transferred into 1 liter-of LB or LB
containing 0.1% DOC and incubated for 12 h at 37°C-in air.

The culture is then diluted (1/5) in the same fresh media and
incubated a further 4 hours under identical conditions. The
cultures are then diluted in the same fresh media to ODg of
0.17 and incubated under.identical conditions until the
culture reaches log phase, typically 30 minutes after the
dilution. Cells are harvested as described above.

Example 14. Klebsiella pneumoniae is streaked on a BHI
agar plate and incubated 18-20 h at 37°C in air. One colony
is picked and inoculated into 1 liter of BHI or BHI containing
0.1% DOC and shaken for 12 h at 37°C in air. The bacteria are
then diluted in the same media to ODg of 0.17 and grown for
30 min further and then harvested as described above.

Example 15. Enterobacter cloacae is streaked on a BHI
agar plate and incubated at 37°C in air for 18-20 h. One
colony is inoculated into 1 liter of BHI or BHI containing
0.1% DOC and shaken for 12 h'at 37°C. The bacteria are then
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diluted in the same media to ODg, of 0.17 and grown for 30 min
further and then harvested as described above.

Example 16. Escherichia coli strain 0157:H7 was streaked
on sheep blood agar plate and incubated at 37¢C in air for 18-

$ 20 h. One colony was incculated into 1 liter BHI or BHI
containing 0.1% to 0.2% DOC flask and shaken for 12 h at 37°C.
The bacteria were then diluted to ODg of 0.17 and growﬁ for
30 min further and then harvested as described above.
Example 17. Enterococcus faecalis is streaked on sheep
10 blood agar plate and incubated at 37°C in air for 18<20 h.
( One colony is inoculated into 1 liter BHI or BHI containing
-} 0.1% DOC flask and shaken for 12 h at 37°C. The bacteria are
then diluted to ODg of 0.17 and grown for 30 min further and
then harvested as described above.
1s Example 18. Clostridium difficile (moéified chopped meat
medium with 30% glycerol) is streaked on a plate of Beef liver -~
mediunm for anaerobes containing 1.5% agar and cultured at 37°C
under microaerophillic conditions (5% CO, and 95% N,). One
colony is transferred to 1 liter of modified chopped meat
20 medium or same medium containing 0.1% DOC. The bacteria are
cultured under microaerophillic conditions at 37°C for 12 h,
and harvested as described above.

Example 19. Bacteroides fragilis (modified chopped meat
medium with 30% glycerol) is streaked on a modified chopped

! ) 25 meat mediun agar plate and cultured at 37°C under
microaerophillic conditions (5% €O, and 95% N;). One colony is
transferred to 1 liter of modified chopped meat medium or same
medium containing 0.1% DOC. The bacteria are cultured under
microaerophillic conditions at 37¢C for 12 h, and harvested as

30 described above.

Example 20. Yersinia pseudotuberculosis (Luria broth
containing 30% glycerol) is streaked on a Luria broth- agar
‘plate and incubated at 30°C. One colony is transferred to 1
liter of LB and incubated for 12 h at 30°C. This culture is

35 diluted (1/5) in LB or LB containing 0.1% DOC and incubated 4
h at 37°C. Subseguently, the cultures are diluted in the same
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media to ODgq of 0.17 and incubated a further 30 min and then
harvested as described above.

Example 21. Helicobacter pylori was added to BHI broth
plus 4% bovine calf serum. After inoculatisn the flasks were
flushed with 5% 0,, 10% CO,, 85% N, and incubated for 22 h at
37°C with shakiﬁg. After this incubation, 2.5 ml of the
culture was transferred to a flask containing BHI broth with
4% bovine calf serum or the same medium. additionally
containing about 0.1% to about 0:2% bovine bile. These
cultures were again flushed with the microaerophilic gas
mixture (5% O,, 10% CO, 85% N,), and incubated 20-24 h at 37°C.

_The cells were harvested as described above.

7 EXAMPLES: ENHANCED ANTIGENIC BACTERIZ

Example 22. Microscopic examination of wet mounted
bacteria was utilized to observe motility and gross
morphology. Surface layers were observed by capsule staining
in india ink (nigrosine). After air drying, the cells were

“10

counter-stained with crystal violet. All observations were at

1000 x magnification.

Morphology of bacteria cultured according to methods of
the present invention (hereinafter referred to as “ENHANCED"
bacteria) was altered compared to those cultured in basal
media alone (conventionally grown). For instance, "ENHANCED"
C. jejuni aggregated, and formed large clumps of cells, while
conventionally grown cells were predominantly solitary. It
was apparent from capsule staining (data not shown) .that a
change in the bacterial surface was effected by culturing
using methods of the present invention. This surface
alteration actually resulted in the increased binding by
“ENHANCED" cells of the nigrosine particles from the stain.
The “ENHANCED" bacteria remained highly motile.

Exanple 23, C. jejuni surface components were analyzed
by phenol extraction. Extracts were made from C. jejuni 81-
176 grown conventionally or cultured according to Example 2
above. C. jejuni cells were harvested from culture medium by

centrifugation as described above. The cell pellet was
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Extracts of €. jejuni Grown conventionally
(BHI) or According to Method of Example 2

(ENHANCED)
‘5
Tine after
addition (h) BHI __ENHANCED
1 0.02 0.02
2 0.02 0.10
i 4 0.02 0.15
10 6 0.03 0.29

There was a direct relationship between inclusion of DOC
in the culture medium and enhanced levels of surface
extractable carbohydrate from the bacterium (Table 1).
Surface extractable carbohydrates were iricreased more than 8-
fold in bacteria cultured according to the methods of the
present invention; no increase was seen 'in bacteria grown
conventionally. The aggregation of the bacterial cells
cultured in DOC medium appeared to be attributable to the
components of the surface extract.

Upon rehydration, the extract had a high geling capacity

1%

20

in water rendering the solution highly viscous and mucus-like,
which was similar in character to the aggregated bacteria.
The functionality of the extract resembled mucin-like
glycoproteins.

For analysis of individual monosaccharides,; extracts were
. hydrolyzed in 1 N trifluorcacetic acid in sealed vials. " The
samples were dried under nitrogen 2 h, and resuspended in
distilled water. Sugars were separated by HPLC using a Dionex
Corp chromatographic matrix and a solvent system consisting of
3% of 0.5 N NaOH/97% H,0 as solvent. Amperometric detection
was utilized for measurement of separated monosaccharides. An
authentic monosaccharide standard composed of fucose,

25
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galactosamine, glucosamine, galactose, glucose, and mannose

35 vas also subjected to HPLC analysis for comparison.
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C. jejuni cell proteins were separated by SDS-PAGE and
20 visualized by silver staining. Four proteins including a 62
kDa protein were induced or enhanced in cells cultured with
pDOoC (Figure 2).
Examnple 25. &S. flexneri LPS was analyzed by phencl
extraction. S. flexneri cells grown conventionally or
28 according to the present invention as exemplified in Example 9
above were harvested from culture medium-by centrifugation as
described above. Lipopolysaccharides’ (LPS) were extracted by
the method of Westphal and Jannh (In: R. Whistler, ed., Methods
in carbohydrate Chemistry, vol §; p..83,-1965). Briefly,
30 cells cultured in BHI or as exemplified in Example 9 above
. were harvested by centrifugation and washed once in PBS. The
cells were then extracted for 15 min at 68°C with 45% phenol
in water. The extract was cooled to 10°C and centrifuged. The
LPS-containing upper aquéous phase was aspirated off and
35 dialyzed against distilled water. The retentate was
centrifuged 7 h at 80,000 x g, 4°C once, and three times for 3
h each at 105,000 x g. The final pellet was lyophilized.

»
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Prior to analysis the LPS was resuspended in water (1 mg/ml).
The purified LPS was characterized as to cérbqhydrate content
as described above, and by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) as described
below and shown in Figure . o

S. flexneri'pfotein profiles revealed no major

‘differences between conventionally cultured and “ENHANCED®

10

15

20

cells when analyzed using this particular SDS-PAGE system.
Carbohydrate to dry weight ratios of LPS from “ENHANCED" cells
was decreased as compared to extracts from BHI cells.
However, SDS-PAGE followed by oxidation and silver staining of
§. flexneri LPS demonstrated a major change in LPS structure
(Figure $). As seen in lane "2" of the gel, the O-aﬁtigen
fraction of LPS from “ENHANCED" S. flexneri was reduced in
length. This result complemented the findings of reduced
carbohydrate/dry weight ratio of LPS from “ENHANCED" cells.
These results suggest shorter O-antigen side chain
presentation on "ENHANCED" cells, and potentially might render
the bacteria more hydrophobic. A more hydrophobic bacterium
might have greater interaction with hydrophobic surfaces in

the gut.

25
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Example 26. Immunogenicity of proteins was determined by
Western Blots. Proteins from bacteria grown conventionally or
according to the methods of the present inventién as
exemplified in Example 1 or $ above were separated by SDS-
PAGE, then were electrophoretically transferred to
nitrocellulose or PVDF membranes and vwere blocked with a
standard blocking agent (3% BSA, 50 mM Tris (pH 8.5), 50 mM
NaCl, 0.2% TWEEN 20]. Primary antibody was applied in
blocking buffer, the blot was then washed and a secondary
antibody reporter cognate was applied. Following washing, the
blot was visualized with light or chromophore producing
substrates. The reporter moiety used was horse radish
peroxidase or alkaline phosphatase.

Figure 3 dehicts proteins from Western Blotting with
immune rabbit mucus containing IgA. As can be seen, the 62
kDa protein was the immunodominant antigen. The antigenicity
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of the 62 kDa protein was greatly enhanced in cells cultured
with DOC. or bile. This protein was also the predominant
antigen in the surface extract of cells cultured with DOC.

Utilizing a mouse monoclonal antibody cross-reactive with
Campylobacter flagellin, it was demonstrated that the enhanced
protein was C. Jejund flagellin (Figure 4). This was a
significant finding because several researchers have '
demonstrated that the C. JeJunz flagellin is involved in
pathogenesis and associated with the invasive characteristics
of the bacterium.

Example 27. Congo red dye binding was used to measure
virulence. Enteric bacteria grown conventionally (BHI) or
according to the methods of the present invention (“ENﬁANCED“)
on BHI agar plates and containing 0.025% Congo red were
resuspended in.distilled water and extracted with acetone for
10 min. Cellular debris was pelleted by centrifugation, and
the 0D, of the dye was measured with a blank solution of 40%
acetone, 60% water. The dye absorbance was compared to the
cell absorbance at 660 nm and expressed as the ratio of
ODys/OD¢y. The data are shown in Table 2 below.

TABLE 2. cCongo Red Dye Binding of Enteric
Pathogenic Bacteria Grown Conventionally
(BHI) or According to Methods of the
Present Invention (ENHANCED)

——Dye Absorbance

Strain BHI : ENHANCED
C. jejuni 81-176 0.07 0.49
C. jejuni B81-116 0.06 0.49
S. typhimurium SR11 0.05 0.30
S. flexnerl 2457T 0.02 0.13
V. cholera $69b 0.70 2.00

Table 2 shows that for several species of enteric
bacteria cultured according to methods of the present
invention, Congo red dye binding was enhanced. These results
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show that in vitro methods of the present invention are useful
to induce virulence and'oﬁher characteristics known to
correlate with in vivo pathogenesis for othéer bacterial
species.

5 Example 28. Bacterjal adhesion to cultured epithelial
cells was analyzed. Bacterial adhesion was. assayed as
described by Galan and Curtiss (Proc. Natl., Acad, Sci, USA,
86:6383-6387, 1989). Tissue culture cells '(INT-407 or Henle .
cells (ATCC.# CCL6), and CaCo-2 (ATCC # HTB37) human

‘ 10 intestinal cell 1lines) were cultured in 24-well tissue culture
(5) ' platgs (37¢c,“5%'cog to a conflggqcy of §0-80%. The medium
is dependent on the cell line used, but Dulbecco's modified
Eagle's medium with 10% fetal bovine serum and $0 mg/ml each
of penicillin ¢ and streptomycin was used for Henle cells, and
15 RPMI 1640 medium with 10% fetal bovine serum and 50 mg/ul each
of penicillin G and streptomycin was used for the culture of
CaCo-2 cells. At least 3 h before assay, the culturé medium
was removed and the cells were washed twice with Hank's
balanced salt solution (HBSS) with magnesium and calcium. The
20 monolayers were then overléyed with antibiotic~free growth
medium.

For adhesion assays, the bacteria were prepared as
follows. For slow growing enteric bacteria such as
Campylobacter and Helicobacter the bacterial culture density

25 was diluted to an ODys of 0.1 with fresh, preequilibrated
mediun and then used in the assay. For Shigella and other
fast growing enteric bacteria; the bacterial culture was
diluted to 0.17 at ODgs with fresh, preequilibrated medium and
then used in the assay. The bacteria were added to the

'30 epithelial cells at a multiplicity of infection of 10 bacteria
per cell to avoid.saturation. The number of bacteria
inoculated into the tissue culture well was calculated by
plate counting. Following 2 h infection under 5% CO0, for
Campylobacter, and 30 min for Shigella, unbound bacteria were

35 removed by washing with HBSS before lysis of the monolayer
with 0.1% deoxycholate and plating for the determination of

adhesion.

N
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The effect of temperatutre on adhesion to INT-407 cells by
C. jejuni 81-176 grown conventionally or -according to the
methods of the present invention as exemplifled in Example $§
abdve is shown in Table 3 below.

s Differences in adhesion of several strains of C. jejuni
grown conventionally or accord;ng to methods of the present
invention are shown in Table 4 below.

Percent adhesion it expressed as the number of colony
forming units.(cfv)-recovered from the monolayer divided by
10 the number of CFU inoculated onto the monolayer multiplied by

100.

s
N’

Table 3: Effect of Temperature on ADHESION to INT~407
Cells by C. jejuni Grown Conventionally (BHI)
or According to Methods of the Present
Invention  (ENHANCED)

15
BHI ENHANCED
Temperature (% _adhesion) (% adhesion)
37°C 5.5 62.3
20 42°C $.5 11.2
¢ ] 25 Table 4. 2Adhesion (FOLD INCREASE) to INT«407
by Different strains of C. jejuni Grown
conventionally (BHI) or According to
Methods of the Present Invention
{ENHANCED)
30 . Strain BHI ENHANCED
81~-176 1.0 8,4
81-116 1.0 12.56
HC 1.0 28.2
35

In invasion assays, epithelial cells were grown and
prepared according to the methods described above for the
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adhesion assay. Bacteria grown conventionally or qccording-to
methods of the present invention were added to the epithelial
cells at a multiplicity of infection of 10 bacteria per cell
* to avoid saturation. The number of bacteria inoculated into
$ the tis#ue culture well was calculated by plate counting.
Following 2 h infectioh under §% €0, for campylobacter, and 30
‘min for Shigella, the infecting bacteria were aspirated off,
‘and the monolayer was overlaid with growth medium containing
gentamicin to kill any extracellular bacteria. Any culturable
10 bacteria remaining at this point have invaded the epithelial
(-) ~ cell monolayer. The incubation continued under €O, for 3 h in
the case of C. jejuni infected cells, and 1.5 h for Shigella
infected cells. Monolayers were washed with HBSS to remove
gentamicin, and lysed by the addition of 0.1% deoxycholate.
15 Bacteria in the lysates were enumerated by plate counting and
" percent invasion was expressed as the number of gentamicin
resistant bacteria compared to the number of inoculum
bacteria. '
Invasion is expressed as the percent of cell entering the
20 monolayer, as determined by the number of colony forming units
(CFU) recovered from the monolayer after gentamycin treatment
divided by the number of CFU inoculated onto the monolayer
multiplied by 100.
The effect of temperature on invasion of INT-407 cells by
( } 25 c. jejuni 81-176 grown conventionally or according to the
methods of Example § above is shown in Table 5 below.
Differences in ‘invasion of INT-407 cells by several
strains of C.jejuni grown conventionally or according to
methods of the present invention are shown in Table €6 below.
30 The effect of DOC on adhesion to and invasion into INT-
407 cells by C. jejuni 81-176 grown conventionally or
according to the methods of Example S above is shown in Table
7 below. ‘
The effect of DOC on adhesion to and invasion into INT-
35 407 cells by Shigella grown conventionally or &ccording to the

methods of Example 5 above is shown in Table 8 below.
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Temperature % invaded vaded

37¢C’ 2.5 49.5

42°C 4.0 7.1

10
)
’ Table é. INVASION (FOLD INCREASE) into INT-407 Cells

by Different Strains of C. jejuni
Grown Conventicnally (BHI) or According

15 to Méthods of the Present Invention (ENHANCED)
Strain BHI ENHANCED
) 81-176 1.0 9.2
20 81-116 1.0 10.0
HC 1.0 26.7
25 Table 7. Effect of DOC Concentration on Adhesion and
Invasion of INT-407 by C. jejuni 81-176 Grown
Conventionally (BHI) or According to Methods of
the Present Invention (ENHANCED)
a0 Treatment Adhesion (%) Invasion (%)
BHI 9.3 6.3
ENHANCED; 0.025% DOC 18.3 17.4°
ENKANCED; 0.1% DOC 52.6 37.0

35
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5 .
Characteristic " BHI ENHANCED
Adhesion 1.0 140.0°
Invasion 1.0 94.4
10 a More than the initially added bacteria were

recovered due to growth of the bacteria during the

(:) assay

Adhesion to and invasion of cultured INT-407 cells by
15 several human isolates of C. jejuni (i.e., 81-116, 81-176 and
HC) was greatly enhanced by addition of bile or deoxycholate
to the culture medium (See Tables 4 and €). The most
effective dose of DOC was 0.1% (Table 7). The greatest
response was obtained at 37°C, but not at 42°C (the
20 temperature at which Campylobacter is conventionally grown)
(Tables 3 and §).
Similar findings were made with Shigella flexneri (Table
8). Shigella grown according to the methods of the present
invention had greatly enhanced abilities of both adhesion and
) 25 invasion.
These data show methods of the. present invention enhance
invasion and adhesion of enteric pathogens.
Example 29. A rapid slide agglutination assay was used
to show immuno-cross reactivity. cC. jejuni strains grown
3p conventionally or according to the methods of the present
" invention as exemplified in Example $ were exposed to serum
IgG from animals immunized with C. jejuni 81-176 (Lior S)
grown either conventionally, or according to the present
invention (e.g., Example 5). The IgG antibodies were
as immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and the
antibodies generated against the Lior $ serotype, then nearly

——
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immediate clumping (i.e. agglutination) of the cells is
visible. This cluﬁping is rated based on a scale of 0 to .3
after allowing the reaction to proceed for a short period of
time, where 0 means no observable clumping and 3 means a high

5§ degree of agglutination. The results of four strains are
presented .in Table 9 below.

Table 9. Cross Reactivity of Lior Serotypes Grown
Conventionally (BHI). or According to Methods of
the Present Invention (ENHANCED)

10
0 ——
CULTURE GROWTH BEADS REACTIVITY
CONDITIONS ____|_____
81-176 (LS) BHI Anti-BHI® 1
15 " “ Anti-ENHP 2
K ENHANCED Anti-BHI 2
— “ " Anti-ENH 2.5
L2 BHI Anti-BHI 1
20 ‘ “ “ Anti-ENH 1.5
“ ENHANCED Anti-BHI 0
. « Anti-ENH 1.5
L8 BHI Anti-BHT
) . « Anti-ENH
() 25 “« ENHANCED Anti-BHI
“ "« Anti-ENH 2.5
L21 BHI Anti-BHI 0
“ “ Anti-ENH 2
30 0 DoOC Anti-BHI 0
0 " Anti-ENH 2
Media BHI Anti-BHI 0
t Anti-ENH 0

a Antibodies induced by 81-176 grown conventionally

35b

Antibodies induced by 81-176 grown according to methods

of the present invention as exemplified in Exanple §
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" Table 9 shows all four of the tested Lior serotypes (LS,
L2, L8, L21) cross-reacted with antibody generated from
animals immunized with enhanced C. jejuni 81-176 Lior serotype
LS. Mucus lavage from the intestines of rabbits infected with
C. jejuni 81-176, comprising JgA, reacted with eight out of
the 10 major clinical serotypes (i.e., human pathogens) of C.
jejuni grown according to methods of the present invention
crogs reacted with antibodies to Lior § serotype strain (see
Table 16 below) The results show that methods of the present
invention significantly extend the number of Lior serotypes
which cross react with anti-serum from animals immunized with
Lior 5 serotype strain of c. jejuni.

Also, several species of Shigella grown according to
methods of the present inyention, but nét those grown
conventionally, cross react with IgG antibodies from animals
immunized with Shigella flexneri 2457T grown with DOC.

8 EXAMPLES: VACCINE EFFICACY
Example 30. The ferret model for studying Campylobacter

pathogenesis can be used as a model to evaluate vaccine
efficacy in protecting against colonization and/or disease
because infection of ferrets reproducibly generates two of the
three disease manifestations seen in humans.

Twenty-four 7- to 9-week-old male ferrets were immunized
orally with either PBS (as control), or formalin-fixed C.
jejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example 5 (ENHANCED). Serum was isolated to
determine baseline IgG titres. All vaccines and PBS were
administered in the‘presence of the adjuvant LT, two times,
one week apart (Day 0 and day 7, “vaccination"). Serum was
collected one week later (day 14) (“post~vaccination®) to
determine IgG antibody titres. Four weeks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine-
Ketamine and challenged orally with a 10 ml PBS solution
containing live C. jejuni 81-176 (1x10lo CFU). Thereafter the

animals were monitored daily for mucoid diarrhea, bacteremia,
fecal shedding of Campylobacter, weight changes, occult blood,
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and fecal 1éuk6cytes. Bacteremia was detected by drawing 1 to
2 ml. of blood from the jugular vein of anesthetized ferrets
-and incubating the specimen in a Vvented trypticase soy broth
culture. Subcultures to blood agar plates were taken at 2, §

- § and 7 days post challenge. Serum samples were collected prior
to immunization (baseline), one week after the second -
immunization, qﬁd at the time of challenge,'and one week -post
challenge to determine IgG titres. '

Occult blood was detected by tésting fecal material on a
(") 10 Hemacu}t card. Fecal'matgrial vas gmeared on a slide and
stained with methylene blue to detect fecal leukocytes. Fecal
shedding of Campylobacter was established by culturing smears
from rectal swabs on Campylobacter-selective medium plates
(trypticase soy agar, 5% sheep blood, trimethoprim,

15 vancamycin, polynyxin B, cephalothin, and amphotericin B,
Remel, Lenexa, KS). Results from these experiments are
presented in Tables 10 and 11 below.

Table 10: Vaccination Protects Against C. jejuni 81-176
in Ferrets

20
POSITIVE COLONIZATION b
‘ ) VACCINE DAY 5 POST-CHALLENGE? DISEASE
J : ; 1/6
25 PBS 6/6 /
BHI 0/6 2/6
ENHANCED o8¢ 0/6
a Number positive colonization/number tested
30 b Presented with green mucus/unformed/watery stools
¢ One animal died in the group after disease state was

determined but before colonization was scored

3s
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" Table 11: Ferret Sera IgG Geometric Mean Titer

) One week &t - One veek
Group Baseline post-vaccine challenge post
) challenge
5. 'pBS 6.4 4.9 6.4 1380.4
BHI 6.4 94.0 '94.0 26505, 3
ENHANCED 6.8 234.4 1621.8 $6234,1%
. @ Mean titre for the five surviving animals
10 : :
(”) Table 10 shows that upon live challenge, animals

immunized with a killed-vwhole cell vaccine of the present
invention were protécted against colonization and disease.
The data in Table 11 show that a much greater IgG antibody

15 titre results from vaccines of the present invention
(ENHANCED) than from enteric bacteria grown conventionally
(BHI). -

These results demonstrate that immunogenicity (Table 11)
and protection from infection (Table 10) was obtained with

20 Vaccines of the present invention and was greater than that
seen when animals were vaccinated with bacteria grown
conventionally. Therefore bacteria produced by the methods of
the present invention are useful as vaccines to protect
mammals from infection.

f”) 25 Example 31. Mice do not naturally develop Campylobacter
or Shigella infections as do ferrets, but they have been used
by those skilled in the art to show resistance to intestinal
colonization upon oral challenge of immunized animals or
resistance to illness via lung infection of immunized animals.

19 The mouse intranasal inoculation model then can be used to
predict the efficacy of vaccines for use in other animals or
humans. This assay was described by Mallet, et al. (Vaccine,
11:190-196, 1993).

Groups of 10 female Balb/c mice about sikteen weeks old
a5 were immunized orally with phosphate-buffered- saline (PBS)
C. jejuni conventionally grown (BHI) or C. jejuni grown
according to Example 5 (ENHANCED) in doses of about 107 CFU or
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i 0% & ()-+@ DOC. The invasion assays were carried out and scored as
.described in Example 28 in Section 7 above.

Table 13 1Invasion of INT~407 Cells by C. jejuni Grown
Conventionally (BHI) or with BAPTA/AK

18
Culture co§dition
20 strain BHI BAPTA/AM
C. jejuni 81-176 ’ 3.0 ' 36.9
E ) 25 Several bacterial genera that are susceptible to

antigenic enhancement or alteration by bile or bhile salts such
as DOC (e.g., Campylobacter, Shigella, Helicobacter) have
genes homologous to low calcium response (lcr) genes from
Yersinia. The ler locus is known to regulate virulence of
Yersinia in response to low calcium levels. Two Campylobacter
genes involved in flagellin expression and assembly which are
required for invasion (flahA, flbA) are regulated in part by
the lcr product. Analysis of the behavior of Campylobacter
flahn and f1bB mutants grown conventionally or under virulence
enhancing conditions of the present invention show that
invasion, but not congo red dye binding or increased cross-
reactivity, is calcium dependent (see Table 14 belowv).
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S' 1096&!() +@ jejuni cultured conventionally or according to the methods of
the present invention as exemplified in Example S. The
invasion assays were carried out and scored as described in

§ Example 28 above.

Table 14: Invasion of INT-407 Cells by C. jejuni Mutants
Czown Conventionally (BHI) or According to
Methods of the Present Invention (ENHANCED)

(“) 1o Culture condition
Strain BHI  ENHANCED
C. jejuni 81~176 3.5 40.8
1s
C. jejuni flah 0.05 0.05
C. jejuni flba 0.01 0.04
20

The C. jejuni fla and flba mutants do exhibit
significantly enhanced Congo red binding and immunc-cross
reactivity when cultured with DOC (see Table 15 and Figure 6,
respectively). The results shown in Table 15 and Figure €
T ) were obtained using C. jejuni cultured conventionally or
zs..<.=1ccox:ding to the methods of the present invention as
exemplified in Example 5 above. The Congo red dye binding
assays, whose results are shown in Table 15, were carried out
as described in Example 26 above. The immuno-cross
regctivity, vhose results are shown in Figqure 6, were carried

30 Gut as described in Example 29 above.
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() C. jejuni f1ba . 0.12  0.80

The flaA mutant is unable to express flagellin. The
15 flai mutant and a flaA-f1aB double mutant (received from C.
Grant, NIH) are both noninvasive even after treatment with
DOC, indicating that flagellin is required for invasion.
Interestingly, the normally exhibited (i.e., non-DOC induced)
" immuno-cross reactivity observed between the isogenic parent
20 strain of these fla mutants and certain other Lior serotypes
of €. jejuni is absent in the mutants. However, DOC treatment
can induce these flagellin-less mutants to exhibit enhanced
immuno-cross reactivity and Congo red binding.
These findings indicate that DOC regulates virulence
) 25 functions in enteric bacteria via calcium-dependent (e.q.,

. invasiveness) and calcium-independent (e.g., Congo red dye
binding) mechanisms. These findings further suégest that
enhanced immuno-cross reactivity and Congo red binding induced
by DOC is at least in part flagellin-independent.

30

10 EXAMPLE: DOC INDUCES ENHANCED EEROTYPE AND SPECIES
IMMUNO~CROSS REACTIVITY OF CAMP ACTER _J.

Example 33. The serotype immuno-cross reactivity of
campylobacter jejuni grown according the methods of the
present - invention was' examined using the rapid slide
agglutination assay. The assay used intestinal mucus from
immunized and non-immunized rabbits to determine the effects

3s
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of altering culture conditions on the cross-reactivity of
heterologous strains of Campylobacter. The rabbits were
immunized with live C. jejuni 81-176 grown conventionally.
The agglutination activity of the mucus antibodies were tested
§ against twenty-four Campylobacter strains, comprising eighteen
serotypes, grown conventiondlly in BHI-YE medium or according
to the methods of the invention as exemplified in Examble 5.
The results of the agglutination assays show that the,
cross~agglutination of heteroclogous Campylobacter strains was
10 broader and, in many cases, stronger when the strains were
(w) grown according to the methods of the invention than when they
™ were grown conventionally. Specifically, there was an over
two fold increase in heterologous agglutination reactivity: 6
of 24 conventionally-grown heterologous strains agglutinated
15 at level + or greater in the anti-81-176 immune mucus, whereas
14 of the same 24 strains grown under DOC conditions
aggluﬁinated at level + or greater. Further, while eighteen
of the heterologous strains demonstrated weak (+) or no
agglutination when conventionally grown, eleven of these sane
20 strains showed an enhanced agglutination response when grown
under ENHANCED culture conditions (e.g., DOC containing
medium) .
Table 16 illustrates cross-reactivity of anti-81i-17¢
immune rabbit mucus against 19 heterologous Lior serotypes
(")~ 25 consisting of 22 strains grown conventionally (BHI-YE) or
using the methods of Example $ (ENHANCED). 'Even though this
experiment assayed only a fraction of the known Lior
serotypes, the results demonstrate that the methods of the
invention induce substantial immuno-cross reactivity between
30 Lior serotypes. The results further show that the DOC
enhanced or induced antigens in Campylobacter appear to be
important in the secretory IgA response associated with
resistance to and recovery from intestinal infection by
Campylobacter.
3s It should be further noted that strains of Lior serotype
8 are of a different species, Campylobacter coli. One of the
2 strains (VC167) of this serotype strongly agglutinated (3+)
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in anti-81-176 immune rabbit mucus. This result indicates
that a vaccine derived from a C. jejuni strain (e.g., Lior §),
not only can cross-protect against heterologous serotypes
within the same species, but also other campylobaétér gpecies
(e.g., Campylébacter coli). Also worth noting is that Lior
serotypes 1, 2, 4, 9, and 11 are among the most prevalent
disease-associated serotypes wor1d~w1de; They all
demonstrated detectable cross~reactivity in this assay.
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Table 16. Agglutination Response of 20 Ccampylobacter
Eerotypes Grown Conventionally (BHI~YE) or
According to the Methods of the Invention
(ENHANCED) to Non-immune® or Anti-gi1-176®
Immune Rabbit Mucus

s Agglutination. response®
) Hon~immune mucus Imnmune Mucus
. Lior ‘. .
Strain Serotype BHI-YE ENHANCED BHI-YE ENHANCED
10 134 1 - - - ++
195 2 - - - +
( ) 1 4 - - - e
170 5 - - +4++ ottt
81-176 5 - - ottt ottt
15 6 _ 6 - - 4t et
81-116 6 - - + +4+
3s 7 - - - +
52 8 - + + -t
VC-167 8 - - + e+t
20 vye-159 8 - - + -
88 9 - - - +
244 11 - - - + -+
556 17 - - + -
563 18 - - - -
Y ** 544 19 - + - ++
699 21 - - bud ++
1180 28 - - + +++
1982 29 - - - -
30 910 32 - ++ - ++
2074 36 - - - -
HC 36 - + - +
2984 46 - - - -
79171 72 - - - -

as
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The non-immune mucus were obtained from uninfected

5 rabbits
¢ The agglutination responses range from negative (—),.to
very weak (%), to very strong (++++)
11 EXAMPLE: ADDITIONAL EXPERIMENTS OF VACCINE EFFICACY
10 OF  CAMPYILOBACTER
Example 34. The protective efficacy of formalin-fixed
(ﬁ) whole cell Campylobactefr jejuni grown according to the ‘methods

of the present invention was determined using the mouse
colonization model reported by Bagar (Infect. & Immun,,

45 63:3731-3735, 1995).

C. jejuni 81-176 was grown and harvested according to

Example 5 and inactivated with 0.075% formalin ag described
above. Groups of five 6 to 8 week 0ld female Balb/c mice were
administered three oral doses (0.25 ml/dose in endotoxin-free

20 PBS) containing either 105, 107, or 10° inactivated bacterial
particles alone or in combination with 25 ug of the heat
labile enterotoxin from E. coli (LT). Doses were given at 48
hour intervals and immediately after two 0.5 ml doses of 5%
sodium bicarbonate solution (pH 8.5) were given at 15 minute

25 intervals, to neutralize gastric acidity. As controls, groups
of animals were vaccinated with PBS alone or in combination
with the LT adjuvant. Approximately 28 days after
administration of the third dose, vaccinated animals were
challenged either nasally or orally with approximately 108

—
\
S

30 colony forming units (CFU) of live conventionally grown C.
jejuni 81-176. The duration of intestinal colonization was
deternined by monitoring fecal shedding every day over a 9 day
period. Fecal material was emulsified in sterile PBS and
aliquots plated on Campylobacter blood agar. Plates were

3§ incubated at 35°C under microaerophillic conditions
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of C.
jejuni. Colonization results are expressed as the percentage
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10%' o0& ()- ] 10%' O&s(éhdﬁﬁﬂln Figure 7, all nasally challenged animals,
both immunized and control, shed organisms immediately after
S cha;lenge (day 1). Eighty to one hundred percent of the
control animals remained colonized for 9 days after challenge.
In contrast, significantly fewer animals in the vaccinated
groups shed organisms during the course of the 9 day assay .
period. Both the degree of and time to clearance of challenge
10 organisms were dependent on the amount of vaccine
administered. The low (10 particles/dose) and intermediate

( ) vaccine doses (107 particles/dose) gave a gradual and

incomplete rate of clearing. The presence of adjuvant

increased the.degree of protection at these doses.
15 surprisingly, at the highest dose tested (107 particles/dose)
the non-adjuvantized vaccine produced a level of protection
equal to or slightly greater than that obtained when a
comparable dose was administered with the LT adjuvant.

Similar results vere cobtained when orally vaccinated

animals were subsequently challenged. orally (see Figure 8).
These results indicate that immunization with inactivated

20

Campylobacter grown according to the methods of the present
invention affords protection against subsequent challenges of
live campylobacter and the immunization is efficacious even
when administered orally without the use of an adjuvant.

The protective efficacy of formalin-fixed whole cell
Campylobacter jejuni grown according to the methods of the
present invention (see, e.g., Example 5) administered
intraperitoneally (IP) was also evaluated. For these
experiments, groups of 20 female Balb/c mice were administered
a single dose of 1.3x1019, 2.5x10%, s5.0x108, 1.0x10% or 2.0x107
inactivated ¢. jejuni particles in 0.5 ml endotoxin-free PBS
without adjuvant. The animals were -challenged 14 days later
with a single lethal dose of live C. jejuni 81-176
s (approximately 1.0%x10!0 cFU in endotoxin-free PBS) delivered

} 25

—

30
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12 EXAMPLES: DOC ENHANCED INVASIVENESS, CONGO RED

BINDING AND IMMUNO-CROSS REACTIVITY OF SHIGELLA

Example 35. The invasiveness of Shigella sp. grown in
vitro is affected by the culture's growth phase. The
e 2s invasiveness of Shigella flexneri 24S7T cells grown
) conventionally (BHI), or according to the methods of the
invention as exemplified by Example 9 (DOC-EL) (wherein the
cells are from an early log phase culture), or according to
Example 9 but allowing the culture to reach late log phase
ag before harvesting the cells (DOC-LL) was tested according to
the procedures described in Example 28. The results show that
culturing with DOC enhances invasiveness and that the maximum
enhancement is achieved during early log phase of growth (see
Figure 9).
35 Culturing with DOC according to the methods of the
invention also enhances the invasiveness of other Shigella
species, S. sonnei, and S. dysentariae (see Figure 10). 1In
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rocedure descr ed e et al. (Infect. & Ymmun., 63:3642~
3648 1995).
10 Example 36. Shigellé cultured according to the methods
of the present invention aiso exhibit enhanced Congo red
(r) binding. S. flexneri 2457T and S, sonnei grown conventionally
(BHI) or according to the methods of the present invention as
exemplified in Example 9 were assayed for their dye binding
15 abilities using procedures described in Example 26 above. The
results show that growth in DOC enhanced Congo red binding by
the two Shigella species 10 to 20 fold (see Table 18).

Table 18: Congo Red Binding by S. flexneri and S. sonnei
Grown Conventionally (BKI) or According to
20 ¥ethods of the Present Invention (ENHANCED)

Culture condition

25 Strain BHI ENHANCED
£ :
S. flexneri 2457T 0.04 0.44
S. sonneli 0.02 0.40
30

Shigella is divided into four species and various
serotypes. The immuno-cross reactivity of sShigella flexneri
grown according the methods of the present invention was
exanined using the agglutination assay as described in Example
28. The assay used antiserum from immunized rabbkits to
determine the effects of culture conditions on the immuno-
cross reactivity of different Shigella species. The rabbits

35
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were jmmunized with formalin-fixed Shigella flexneri 2457T .

' grown according to the methods of Exqmple‘Q. The
agglutination activity of the IgG antibodies obtained from the‘
immunized animals were tested against all four Shigella

‘5 species grown conventionally in BHI medium or according to the
methods of the invention (e.g., Example 9). The results of
the agglutination assays show that growth with DOC
significantly enhanced the aggiutination activity of the
homologous Shigella flexneri as well as those of the three

10 heterologous Shigella species to anti~S. flexneri antibody
(see Figure 11).

)

i3 XAMPLE: VACCINE EFFICACY OF SHIGELLA
Example 37. The protective efficacy of formalin-fixed
15 vhole cell Shigella flexneri grown according to the methods of
the present invention was determined using the mouse nasal
challenge model developed by C.P. Mallett et al. (Vaccine,
11:190-196, 1993). Briefly, Shigella flexneri was grown and
_harvested according to the methods exemplified in Example 9
20 and inactivated with 0.075% formalin as described in Example
30. Approximately 107 inactivated bacterial particles were
used to vaccinate 14-16 week-~old female Balb/c mice. The
inactivated S. flexneri was suspended in sterile, endotoxin-
free PBS at a concentration of 108 particles/ml and 35 pl of
‘ ) 25 this material was administered nasally to groups of 10 lightly
' anesthetized animals. A total of three immubizations vere
given at 14 day intervals.
To test the effect of an adjuvant on the protective
ability of the Shigella whole cell vaccine, groups of animals
30 yere immunized using a suspension that contained the
inactivated vaccine and § pg of the heat-labile enterotoxin
from E. coli (LT). Fourteen days after the third
immunization, animals were challenged nasally with a sublethal
wasting dose (105 cfu) of either live S. flexneri or S.

35 sonnei. Immediately before and at 1, 2, 5, and 7 days
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following the challenge, animals were weighed arnd the mean
group weight determined. Results are shown in Table 19.

Table 19: Inactivated Shigella flexneri Whole Cell
Vaccine Protects Mice Against Nasal Challenge

S With Live S. flexneri or S. sonnel
Challenge ' Vaccination Percent Weight Change
organism Post Challenge
10 : Day 1. Day 2 Day § Day 7
- S. flexneri PBS - 8.1 +~18.2 ~17,7 -18.3
)
) 15 vaccine + - 7.0 -2;0 - 1.5 1.5
- . adjuvant
8. sonneli PBS - 8.1 =17.5 - 9.3 =~ 6.4
vaccine - 6.7 =-11.3 - 6.5 = 6.0
20 vaccine + - 6.4 ~-5,2 =-1,3 - 2.1
adjuvant

Ten mice in 9ach group were immunized 3X nasally with vaccine
comprsing 10’ inactivated S. flexneri grown according to

28 Exanple 9

——~
e

The mice immunized with vaccine comprising inactivated s.
fiexneri grown according to the methods of the invention were
protected against challenge with live S. flexneri organisnms.
Those mice suffered less weight loss and underwent more rapid
weight recovery as compared to unvaccinated mice, i.e. the PBS
sham control group. Surprisingly, the S. flexneri vaccine
also protected the mice against challenge with live S. scnnei.
Interestingly, animals receiving the vaccine alone without the
LT adjuvant were as well protected against the homologous &S.
flexneri challenge as animals that received the adjuvantized

30

as
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vaceine. The S. flexneri vaccine alone also conferred .
protection to heterologous challenges by S. sohnei. The
inclusion of the LT adjuvant, however, noticibly enhanced the
protection against the challenge by S. sonnei. These findings

$ indicate that vaccine comprising inactivated Shigella prepared
according to the methods of the invention is effective in a
recognized Shigella disease model and doés not require an
adjuvant in preventing or attenutating various Shigella
infections. )

10

‘ 14 EXAMPLE: FACTORS THAT AFFECT THE ADHESIVENESS OF H.
") PYIORT TO ANIMAL CELLS

Example 38, The adherence of H. pylori is enhanced by
growth in glycocholdte or bile. Cells of H. pylori strain
NB3-2 or Gi-4 were added to BHI broth plus 4% bovine calf
serum. After inoculation the flasks were flushed with 10%
CO,-5%0,-85%N, and incubated for 22 h at 37°C with shaking.
After this incubation, the culture was diluted 1 to 10 to a
flask containing 1 liter of the BHI medium with 4% bovine calf
‘serum containing various concentrations of bovine bile (0.025%
to 0.2%). These cultures were again flushed with the same gas
nixture, and incubated at 37°C. The cells were harvested at
various times up to 18 h and their adherence to INT-407 cells
assayed using the methods described in Example 28. The

Pl

1s

20

results show that culturing with bile enhanced the
adhesiveness of H. pylori to INT-407 cells (see Figures 12 and
13). For the NB3-2 strain, peak adhesiveness, a 4 to 6 fold
increase over that of non-enhanced culture, occurred aftgr
about 8 h of growth (Figure 12). For the Gl-4 strain, peak
édhesiveness, a 2 to 3 fold increase over that of none-
enhanced culture, occurred between 12-14 h of growth in 0.2%
bile (Figure 13). These "“peak" times generally corresponded
to the period when the culture of each strain was in log phase
growth.

25

v,
N
'
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1s EXAMPLE: VACCINE EFFICACY OF HELICOBACTER GROWN

ACCORDING TO THE METHODS OF THE PRESENT INVENTION
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4 All agents given with 10 pg LT (Labile toxin of ETEC)

20 adjuvant as 3 oral doses at 7 day intervals
b Given as 1 x 10% CFU of Strain Gl-4 in a 0.25 nl dose
Results of these experiments show the relevance of
25

enhanced enteric bacterial propertmes to in vivo

-~
R

immunogenicity.
The methods of the present invention produce bacteria
capable of inducing an immunogenic response which is

protective and therefore are useful as vaccines.
30

16  DEPOSIT OF MICROORGANISM
The following microorganisms have been deposited with the

American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland 20852, USA, and have the indicated
35 accession numbers:
— Microorganism _ _Accession No. ___ Deposit Date
Helicobacter pylori NB3-2 September 29, 1995
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Helicobacter pylori Gl-4 September 29, 1995

other equivalents of the methods of the present invention
may be easily determined by those skilled in the art and such
equivalents are -intended to be included by this invention.
The foregoing disclosure includes all the information deemed
essential to enable those skilled in the art to practice the
claimed invention. Because the cited patents or publications
may provide -further useful information all the materials cited
hereih are hereby incorporated by reference in their entirety.
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60 w4 DET 2000
MICROORGANISMS
Ogtlonaf Sheet in connection with the micraorganism referred to an pege 61, linas 30-38 of the description *
A. IDENTIFICATION OF DEPOSIT " -
Further déposits are idantified on an additicnal shaet *

Name of deposiary instoudon *

American Type Culiure Collection

Address of depositary Institution {including postal code and countey) *
. . 12301 Parkiawa Drive
(“ Rockville, MD 20852

) us |

Date of deposit * Semg' mber 20, 1995 Accession Number*

B. ADDITIONAL INDICATIONS * feave blank H not spplicable). This information i condmied o0 s separue siached shect

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * ¢ i tnteagsns v oot o duapaiod st

D. SEPARATE FURNISHING OF INDICATIONS ° tleave blask ¥ nx spplicable)

Tiw wwdicatons ksted below witl be g t0 the teter { Burqau (ater * (Specily the generat nature of the mdications s.g.,
“Accetsian Number of Deposit*}

E. (O This sheet was received with the Internadonal application whea filed (to be checked by the receiving Office)

{(Authorized QOfficer)

[ The date of receipt (from the applicant) by the International Bureau *

was

(Authorized Officer)

Form PCT/RO/M 34 {January 18B1]
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(g;g)( . 02468: <>gc! ' 08= EKUgQ%XtO about 95% air; or if) abo tS% to about 10% O, with
about 10% to about 20% CO, with about 70% to shout 85% N,;
and
d) a divalent cation chelator selected from the group consisting of 0
to about 25 pM of BAPTa/AM, 0 to about 10 mM of EGTA, and
0 to about 100 pM of EGTA/AM,
wherein said Helicobacter culture is at about early log phase, between ¢arly log phase

and stationary phase, or at about stationary phase.

2. A vaccine comprisiné a Helicobacter bacterium or immunogenic
fragment or derivative thereof, said Helicobacter bacterium having an eahanced
<) antigenic property, which is harvested from a culture of Helicobacter bacteria grown in
vitro under a combination of conditions comprising:
a) a divalent cation chelator, selected from the group consisting of
about 1.0 to about 25 uM of BAPTA/AM, about 0.5 to about 10
mM of EGTA, and about 1.0 to about 100 M of EGTA/AM;
b) at a temperature between about 30° and about 42°C; and
) in air or an microaerophilic condition, wherein the microaerophil
condition comprises i) about 5% to about 20% CQ, with about
80% to about 95% air; or ii) about 5% to about 10% O, with
about 10% to about 20% CO, with about 70% to’about 85% N,,
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5. The vaccine according to claim.: 1 or 2, wherein said Helicobacter

bacterium is inactivated by formalin treatment.

6. The vaccine according to claim', 1 or 2, wherein said vaccine is suitable

for mucosal or parenteral or mucosal and parenteral administration.

7. The vaccine according to claim 1 or 2, further comprising an adjuvant.
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